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EP 0 561 078 B1 

Description 

The present invention is concerned with polymerization processes tor producing polymers with narrow molecular 
weight distributions based on controlling the degree of polymerization during the polymerization. This is achieved by 

5 using the relationship between the degree of polymerization and free-radical polymerization kinetics parameters and 
controlling the concentration of initiator relative to monomer as a function of time. This process may be used in a semi- 
batch or semi-continuous mode, particularly for producing acrylate and methacrylate copolymers. 

Some approaches to providing narrow molecular weight distributions are: anionic polymerization; continuous-feed- 
stirred-tank-reactor (CFSTR) technology; low^onversion polymerization; in-process control of monomer, initiator or 

10 solvent concentrations; mechanical shearing of the polymer, e.g., homogenization, and the like. Many of these methods 
require special equipment, have limited application to specific monomers or are not useful for polymerizations requiring 
high monomer conversion. 

Molecular weight distribution (hereinafter referred to as MWD) control can be achieved by a variety of methods, 
one of which is based on the application of differential monomer and initiator material balances to basic free radical 

is polymerization kinetics. Hoffman etal. (Industrial and Engineering Chemistry, 56, 51-57, 1 964) studied polymerizations 
using continuous feeds of either initiator or monomer based on mathematical equations derived from polymerization 
kinetics to calculate the monomer or initiator feed rates; this approach was useful for producing narrow MWD polymers 
at monomer conversions up to about 50%. Chen et ai {Chemical Engineering Science, 36, 1 295-1 305, 1 981 ) studied 
minimum polymerization times for styrene in toluene to achieve a specified MWD by using a calculated initiator feed 

20 rate derived from mathematical equations for polymerization kinetics; agreement between theoretical and actual results 
was good for monomer conversions of 40 to 70%. 

Louie et ai {J. Applied Polymer Science, 30, 3707-3749, 1985) developed a strategy for producing narrow MWD 
poly(methyl methacrylate) at high monomer conversions using kinetic models based on photoinitiation or programmed 
solvent addition. Thomas et ai (Can. J. Chem. Eng., 62, 284-291 , 1 984) developed a strategy for varying MWDs of 

25 poly(methyl methacrylate) by using optimal temperature and initiator addition methods for monomer conversions up 
to 90%. 

Tsoukas ef ai (Chem. Eng. Science, 37, 1785-1795, 1982) studied styreneacrylonitrile copolymenzations using 
variable initiator and monomer addition methods based on homogeneous solution and low conversion bulk free radical 
polymerization kinetic models to control the breadth of copolymer composition distribution and MWD. 
30 EP-A-0 176 611 discloses a method for the polymerization of anionically polymerizable monomer with an organo- 

metallic anionic initiator in a continuous stirred tank reactor wherein the contents of the reactor are generally homoge- 
neous and the polymerization components are continuously added and the reaction mixture continuously discharged 
from the reactor at essentially the same rate, further characterized by: means for controlling the flow of the monomer 
and the initiator feed streams to the reactor and a means for measuring the molecular weight of the polymer in the 
35 reactor discharge stream to obtain a signal which controls the rate of initiator addition to the reactor to provide a polymer 
of essentially constant molecular weight. 

US-A-5,126,415 (corresponding to FR-A-2606774) discloses a process for preparing polymers with polydispersi- 
bility optionally approaching the theoretical polydispersibility and substituted by functional groups in a, co-positions, via 
radical polymerization of radically polymerizable monomers, using one or more initiators. In the process the polymer- 
40 ization degree is maintained at the desired value by continuous elevation of the temperature. 

Conventional free-radical polymerization processes tend to produce increasingly broad MWDs as the polymeriza- 
tion proceeds due to changes in the relative concentrations of monomer and initiator. The present invention enables 
this broadening effect to be overcome by providing a means for maintaining an approximately constant degree of 
polymerization during the polymerization. 
45 The present invention involves a polymerization process comprising addition of a monomer and an initiator to a 

reaction vessel under polymerization conditions wherein the initiator and monomer are each added at rates such that 
an approximately constant degree of polymerization is maintained during the polymerization. 

The present invention allows for an approximate constant degree of polymerization to be maintained even under 
conditions which cause the polymerization kinetics to deviate from ideality. Those conditions are practically provided 
50 for by incorporating a polymerization efficiency factor into the kinetic model of the polymerization. Consequently, the 
present invention not only provides a means for achieving an approximately constant degree of polymerization resulting 
in achievement of a narrow molecular weight distribution of the polymer, it also recognizes the need to accommodate 
factors which affect conventional polymerization kinetics during the polymerization and describes how to accommodate 
such factors. 

55 According to the present invention there is provided a polymerization process, which comprises adding monomer 

and initiator to a reaction vessel under polymerization conditions using a monomer feed profile and an initiator feed 
profile, wherein: one of the feed profiles is preselected; the feed profiles are such that the ratio of monomer concentration 
to initiator concentration is determined in accordance with a polymerization kinetics relationship between a selected 
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degree of polymerization for the polymer and monomer concentration, initiator concentration and reaction temperature; 
and the ratio of monomer concentration to initiator concentration of the kinetics relationship is modified by a polymer- 
ization efficiency factor, which is expressed as a function of reaction variables affecting initiator effectiveness, to obtain 
an approximately constant degree of polymerization during the polymerization. 

5 Any kinetics relationship reflective of the particular polymerization, and which is between a selected degree of 

polymerization and monomer concentration, initiator concentration and reaction temperature, can be used in the 
present invention. The polymerization efficiency factor is used in the kinetics relationship to account for deviations from 
idea! kinetics relationships. For the purposes of this invention, ideal kinetics relationships are those which behave 
according to the particular kinetic relationship which is used. When deviations from ideal kinetics relationships occur, 

10 the polymerization efficiency factor will have a value of less than one for some portion or all of the polymerization 
process. For example, in the process of the invention the polymerization efficiency factor may be less than one for at 
least some portion of the polymerization and may be empirically derived. 

For the purposes of this invention, the terms "polymerization kinetics relationships' and "kinetic relationships' 
include concentration of any chain transfer agent used in the polymerization as well as monomer concentration, initiator 

15 concentration and reaction temperature. 

In an embodiment of the invention, the process comprises using either a selected monomer feed profile or a 
selected initiator feed profile and the other feed profile is calculated from a polymerization kinetics relationship between 
a selected degree of polymerization (X„) and monomer concentration, initiator concentration, reaction temperature and 
polymerization efficiency factor to obtain an approximately constant degree of polymerization for polymer produced 

20 during the polymerization process (hereinafter, this polymerization kinetics relationship, at times, will be referred to as 
PMWR). 

The invention will be described in terms of selecting the monomer feed profile. However, it is understood that either 
feed profile can be selected. A selected feed profile includes the addition of the monomer or initiator feed for its complete 
addition or for a portion of it. 

2S The degree of polymerization, and consequently the molecular weight of the polymer formed, is a function of 

polymerization rate-determining parameters, molecular weight-determining factors and reactant concentrations. Thus, 
the present invention allows an approximately constant degree of polymerization to be maintained during the polym- 
erization resulting in a polymer having a narrow molecular weight distribution (MWD) as indicated by a low polydispersity 
index value. Also, the process of the present invention can be used to produce polymers having narrower MWDs than 

30 would be produced if the process of the present invention were not used. The breadth or narrowness of the MWD can 
be represented by the ratio of weight-average molecular weight (M^ or z-average molecular weight (M z ) to number- 
average molecular weight (M n ), i.e., the polydispersity index. When the polydispersity index is represented by Mv/M n , 
the polydispersity indices of polymers of the present invention are from 1 .5 to 6 and most preferably from 1 .5 to 4. The 
polydispersity index is a measure of the breadth of the molecular weight distribution with a minimum value of 1.5 and 

35 2.0 for polymers having the narrowest MWD where polymer chain termination occurs via combination and dispropor- 
tionation mechanisms, respectively. Higher values for M^/M,, represent broader distributions, for example, polymers 
made by previous methods could have polydispersity indices of 10 to 20 or more depending upon the monomers and 
methods used. Narrow MWD polymers are generally desirable because of the more predictable properties which char- 
acterize these polymers versus those with a very broad MWD. For example, contributions to the viscosity of a polymer 

40 solution would be more predictable for a narrow MWD polymer than for a polymer with a broad MWD. 

In the process of the present invention, a polymerization efficiency factor (f p ) accommodates deviations from ideal 
kinetics relationships between the degree of polymerization and monomer concentration, initiator concentration and 
reaction temperature. Conditions which cause the deviations can affect the ability to achieve the desired constant 
degree of polymerization necessary for narrow polymer molecular weight distributions. Examples of these deviations 

45 from ideal kinetics are (a) an increase in viscosity of the polymerization mixture due to high polymer or solids concen- 
trations or the development of high molecular weight polymer, (b) induced decomposition or cage recombination re- 
actions of the initiator, and (c) chain transfer or inhibitor reactions and the like, which affect initiator effectiveness. An 
increase in viscosity can affect material transport phenomena in the reaction vessel, such as preventing initiator from 
coming into contact with monomer. Thus, physical conditions related to mixing (for example, agitator type and speed, 

5o concentration of initiator in the initiator feed mix, point of initiator mix delivery, etc.) can be factors which cause deviations 
from ideal kinetics due to changes in viscosity during the polymerization. 

Consequently, f p addresses elements normally accounted for by the conventional initiator efficiency factor (f j), such 
as induced decomposition and cage recombinations reactions, and it also addresses any other factors, such as vis- 
cosity, material transport phenomena (such as poor mixing resulting in limiting mass transfer of the initiator radicals) 

55 or chain transfer reactions, which affect the effectiveness of the initiator. The polymerization efficiency factor is used 
to modify the ratio of monomer concentration to initiator concentration for a kinetics relationship to maintain an approx- 
imately constant degree of polymerization during the polymerization process. The use of f p in the present invention 
accounts for phenomena occurring under actual polymerization conditions by effectively modifying the amount of ini- 
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tiator which theoretically should be added during the polymerization. 

The process of the present invention is exemplified by Equations 1 and 2 below which show the polymerization 
kinetics relationship between degree of polymerization (XJ and monomer concentration ([M]), initiator concentration 
([I]), polymerization temperature (T) and polymerization efficiency factor (f p ), all to achieve an approximately constant 

s value of X„ and consequently a narrow molecular weight distribution of the desired polymer. Input to a generalized 
form of PMWR (Equation 1 ) includes preselecting: X^, an f p relationship (Equation 2), a suitable monomer feed profile 
and reaction temperature. Equation 1 can then be rearranged to solve for initiator concentration, [I], thus providing the 
basis for the selection and control of the initiator feed profile. In the case where chain transfer reactions are absent 
([CTA] = 0), the last term in Equation 1 drops out. Equation 1 is based on standard model kinetic schemes using steady 

10 state assumptions which are appropriate for free radical polymerizations, except for the inclusion of the polymerization 
efficiency factor (f p ). For systems other than homogenous solution and bulk free radical polymerization processes, 
other terms will be required in Equation 1 , which will be apparent to those skilled in the art. Equation 2 is a generalized 
form of the f p relationship. 

15 X n = (k p /k t 0 - 5 )[My({2f.f p k d [l]}°- 5 + kJCTA]) [1] 

f p « a + X m £ 1 bjk< Y j> k ^ 

f p = polymerization efficiency factor 

25 f. = initiator efficiency factor 

k p = rate constant for chain propagation 

= Apexp(-Ep/RT) 
k t = rate constant for polymer chain termination 

A t exp(-E/RT) 

30 k d = rate constant for initiator thermal decomposition 

A d exp(-E d /RT) 
[M] = monomer concentration 

[I] = initiator concentration 

k tr [CTA] = rate of chain transfer = Z^ICTA-,] + k tf2 [CTA 2 ] + ...) 
35 CTA = chain transfer agent 

A p ,A d ,A t = collision frequency factors for chain propagation, initiator decomposition and chain termination 

E p = activation energy for chain propagation 

E t = activation energy for chain termination 

E d = activation energy for initiator decomposition 

40 r = universal gas constant = 1 .98 calories/(mole-degree) [8.29 Joules / (mole-degree)] 

T = temperature (°C + 273 = °K) 

C = degree of monomer conversion (0 -» 1 .0, where 1 .0 is 100% conversion) 

a = fitted parameter 

b jik = empirically derived constant 

45 m,l= any integer greater than 0 

j,k = any integer greater than 0 

Yj = reaction variable = t\, MW, [P], X n , C, t, etc. 

r| = viscosity 

MW - molecular weight 

so [p] = polymer concentration 

t = time 

The following is an example of how the initiator feed profile is determined and then used in the present invention. 
After selecting a value for X^, a variable initiator feed profile is calculated to match the selected monomer feed profile 
55 so that the X n value is maintained constant during the polymerization (Equation 1 using appropriate kp, kt. kj, k tr f s , 
activation energy values and a preselected f p relationship). The initiator feed profile is determined by calculating a new 
value for [I] at selected time intervals during the polymerization, for example, up to about 100 times per minute. The 
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use of a computer program is preferred to make these calculations. In the absence of chain transfer effects, Equation 
3 represents a rearranged form of Equation 1 and is used to solve for [I J: 

[l]=(k p [M]) 2 /2k d k t f i f p (X n ) 2 [3] 

The initial value for the amount of initiator that is to be added during a selected time period (for example, 0.5 to 
about 1 second) is calculated for the selected time period by using the value for the monomer concentration based on 
the amount that would have been added according to the selected monomer feed profile at the selected time interval 
or the measured monomer flow rate, temperature, monomer polymerization rate constant data and initiator decompo- 
sition rate constant data. Then a new value for monomer concentration based on the amount that would be added 
during a second selected time increment in accordance with the selected monomer feed profile is calculated for the 
second selected time increment by taking into account the amount of monomer polymerized based on the rate of 
polymerization using the temperature, monomer polymerization rate constant data, initiator decomposition rate con- 
stant data and the amount of initiator that is added during the first selected time increment. The new value for [M] 
calculated for the selected time increment is then used to calculate a new value for [I] consistent with PMWR and the 
next point in the initiator feed profile is thereby defined. This sequence of calculations (one iteration) is then repeated 
at any needed or desired frequency, such as every 0.5 second to about every 5 minutes, sufficient to further define the 
initiator feed profile for the entire polymerization. The calculated initiator feed profile is then used in an actual polym- 
erization according to the preselected conditions. 

The polymerization efficiency factor (f p ) is expressed as a function of one or more reaction variables, for example, 
degree of monomer conversion (C), viscosity Cn), molecular weight (MW), polymer concentration ([P]), X,, or time (where 
Yj in Equation 2 represents the reaction variables). If time is used as a reaction variable, it will relate back to monomer 
conversion for a given set of reaction conditions. For example, when monomer conversion (C) is selected as the reaction 
variable, then Equation 2 takes the form of Equation 4: 

I 

f p = a+ I b lk O [4] 

k=l 

when j.m = 1 and where the fitted parameters a and b 1k are empirically determined by regression analysis to provide 
the best fit over the entire monomer conversion (C) range for PMWR at a selected X„ value (the values for j, k, m and 
I generally range from 1 to 3). values of f p can range from 1 to 0.01 during the polymerization, most commonly from 
about 0.9 to about 0.3, depending upon the initiator used, degree of monomer conversion, polymer (solids) concen- 
tration, polymer molecular weight and extent of cage recombination reactions. Typically, f p changes only slightly over 
the period where 10 to about 30% of monomer is converted, but it may steadily decrease as monomer conversions 
progress from about 50 to about 90% or more. Derivation of the appropriate relationship for f p as a function of polym- 
erization conditions and adjustment of the initiator feed profile based on the preselected monomer feed profile during 
the polymerization are the essential features of the process of the present invention. 

The following procedure is an example of how the f p relationship can be experimentally determined and then used 
in the present invention. As a starting point, the known literature value for fj of the selected initiator is used, an initial 
value of 1 is used forf p , together with polymerization rate constant data (obtained from standard literature sources or 
experimentally determined) and a suitable preselected monomer feed profile is used to calculate an initiator feed profile 
(described above) for the polymerization of a monomer, such as methyl methacrylate. The polymerization is then con- 
ducted using the selected monomer and calculated initiator feed profiles and samples are taken during the polymeri- 
zation for subsequent analysis of monomer conversion, molecular weight and MWD. Based on the observed molecular 
weights and changes in MWD as a function of monomer conversion, adjustments to the originally selected f p relation- 
ship are made to account for deviations from desired conversion or MWD targets and a new target f p relationship is 
generated by using a regression analysis. Coefficients from the regression analysis become constants a and bj k in 
Equation 2. Another polymerization is then performed using the newf p relationship and samples are taken as before 
for comparison of conversion and MWD with target values. This approach is repeated until af p relationship is obtained 
which results in the desired MWDs being achieved. It would be apparent to one skilled in the art that other properties 
which correlate with MWD can be used. Alternatively, one can start the process for determining the f p relationship by 
assuming a particular relationship, such as a linear form of Equation 2 (for example, f p = {1 - C}) and then progressing 
onto modified versions as described above. 

The fitted parameter a takes into account factors not accounted for by the particular Yj variable that has been 
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selected. For example, modifications tof p or determination of f p relationship (Equation 2) can take the following form: 



f p = {a-C} 



where a = funcf/on(viscosity, MW, [P], X n> side reactions which consume initiator, etc.); b t1 is - 1; Y A is monomer 
conversion, C. In another form, Equation 2 can be: 

f p = {a-(tlA)l 

where a = function(mN, [P], C, X,,, side reactions which consume initiator, etc.); b t1 is - 1 ; Y 1 is i\ c /r| 0 . where ti 0 is 
initial viscosity, tj c is viscosity at a certain monomer conversion. In yet another form, Equation 2 can be: 

75 f p = {a + C-C 2 -[P]} 

where a = funcf/on(viscosity, MW, X n , side reactions which consume initiator, etc.); b 11 is 1 ; b 12 is - 1 ; b 21 is - 1 ; Y 1 is 
monomer conversion, C; Y 2 is polymer concentration, [P]. 
20 One embodiment of Equation 2 is: 

f p = {a + b 11 C + b l2 C 2 } 

2S where C is monomer conversion and a, b ni and b 12 are constants. 

Once the f p relationship and monomer and initiator feed profiles have been defined for certain conditions, the 
polymerization can be conducted repeatedly, preferably with a preprogrammed controller, using the preselected mon- 
omer and calculated initiator feed profiles. The resulting polymer will have the desired narrow MWD resulting from a 
constant degree of polymerization being maintained during the polymerization. 
30 For polymerizations with a gel or Trommsdorf effect, the k p , k t rate constants in Equation 1 will not reflect the actual 

polymerization rates throughout a particular polymerization. For these polymerizations there is a decrease in the rate 
of diffusion of polymer radicals at some point, thus lowering the effective rate of termination and causing a significant 
increase in overall polymerization rate or autoacceleration. Propagation and termination rate data (kp/k, 05 ) for these 
polymerizations can be derived from experimental monomer conversion data at different temperatures. The expon- 
as mental data can be subjected to mathematical modelling using commercially available regression analysis and model 
simulation computer software to generate the kinetic rate parameters used in Equation 1 In this way, the k p , k t data 
and the activation energy data (E pi E t ) will reflect polymerization kinetics which account for the Trommsdorf effect. In 
the case where the Trommsdorf effect occurs at some intermediate point during the polymerization, such as at around 
50 or 90% monomer conversion, Equation 1 would have two parts which describe the entire polymerization process: 
40 the first would use kp, k,, activation energy data representative of the polymerization up to 50% (or 90%) conversion 
and the second form would use kp, k t , activation energy data representative of the polymerization from 50% (or 90%) 
monomer conversion to completion. Determination of the f p relationship for use in this form of Equation 1 is done in 
the same manner as described above. 

When an isothermal polymerization is conducted and there is no significant Trommsdorf effect, X n will remain 
45 relatively constant during the polymerization provided that the [My{f i f p [l]} 0 - 5 ratio is kept constant by balancing the 
monomer and initiator feed rates and f p according to Equation 1 (in the absence of chain transfer effects). When an 
isothermal polymerization is not used, for example, staged temperature profiles may be desirable or isothermal con- 
ditions are not readily attained, kp, k t and ^ will vary as a function of temperature and this must be taken into account 
in maintaining a target X^ value by the use of activation energies in conjunction with Equation 1. Unless an initiator 
so feed profile is calculated using PMWR for a selected X n , the difference between the rate of change in monomer and 
Initiator concentrations during the polymerization is a variable which leads to broadening of the MWD, as is observed 
for conventional processes where all the monomers and all the initiator are charged to the reactor at one time. 

Values for k p> k t , k^ and f; and their temperature dependence (activation energies) may be obtained from well 
known literature references, such as Polymer Handbook by J. Bandrup and E.H. Immergut (Third Edition, John Wiley 
55 & Sons 1 989) or determined by established experimental methods as described in Encyclopedia of Polymer Science 
and Engineering, Volume 13, pp 847-852 (Second Edition, John Wiley & Sons, 1988) or generated from experimental 
monomer conversion data obtained at different temperatures using regression analysis mathematical modelling meth- 
ods. When concentrations or ratios of monomer, initiator or chain transfer agent ([M], [I], [CTA]) are referred to, such 
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as in Equation 1, it is understood that the instantaneous concentrations for these materials are being used, i.e., unre- 
acted monomer, undissociated initiator (that is, initiator which is not yet decomposed) and unreacted chain transfer 
agent, respectively. 

Chain transfer agents may also be added to the polymerization reaction to control the magnitude of the molecular 

s weight of the polymer. Although not required by the process of the present invention, chain transfer agents are especially 
useful for limiting the average degree of polymerization when low molecular weight polymers are desired. When chain 
transfer agents are used, both the initiator feed profile and the chain transfer agent feed profile must be calculated 
during the polymerization using PMWR to maintain the target X n value. In PMWR, [CTA] refers to any material which 
causes chain transfer to occur, i.e., reacts with and terminates the propagating radical and transfers the radical species 

10 to the material acting as a chain transfer agent. Therefore, kJCTA] represents an overall chain transfer rate which 
includes ail species which can act as chain transfer agents: monomers, solvents, as well as conventional chain transfer 
agents which are purposely added to control molecular weight. 

In an embodiment of the invention the polymerization process comprises (a) selecting the degree of polymerization, 
(b) selecting a monomer feed profile for the desired polymer, (c) calculation of the initiator feed profile based on the 

'5 relationship between the selected degree of polymerization and monomer concentration, initiator concentration, reac- 
tion temperature and polymerization efficiency factor, wherein the polymerization efficiency factor is expressed as a 
function of reaction variables which affect initiator effectiveness, is empirically derived and is less than one for at least 
some portion of the polymerization, (d) addition of the monomer to a reaction vessel under polymerization conditions 
in accordance with the selected monomer feed profile, (e) addition of the initiator to the reaction vessel in accordance 

20 with the calculated initiator feed profile, and (f) maintenance of reaction conditions for a sufficient period of time after 
complete addition of the monomer and initiator to allow them to react, all to obtain an approximately constant degree 
of polymerization for the polymer during the polymerization process. The process of the invention enables one to obtain 
more than 90% conversion (by weight) of monomer to polymer, provided that reaction conditions be maintained for a 
sufficient period of time after complete addition of the monomer and initiator. 

2S in one embodiment of the invention, the monomer and initiator which have been added to the reaction vessel are 

monitored on a continuous basis by a means suitable to determine amounts added, the amounts added are compared 
to predetermined profile values for added monomer and added initiator as a function of time, and the monomer and 
initiator feed profiles are adjusted accordingly whenever the difference between the predetermined profile values for 
added monomer or added initiator and the amounts added is not zero. 

30 in a preferred method of conducting the polymerization, the amounts of monomer and initiator fed to the reactor 

at any given time are constantly monitored together with the temperature and compared to predetermined target values 
established by PMWR. Any displacement from target values for monomer added, initiator added and temperature (for 
example, whenever the difference between predetermined profile (target) values for added monomer and initiator and 
the amounts which have been added is not zero) is then treated by an adjustment in the rate of monomer or initiator 

35 addition to reestablish profile values for reaction temperature (in the case of an isothermal polymerization) and X„. The 
frequency with which the amounts of monomer and initiator and the temperature is monitored can vary widely depending 
upon the equipment and devices available for such measurements. Means suitable for measuring the amounts of 
monomer and initiator added at any give time include sensors connected to monomer and initiator feed containers via 
load cells, in-line mass meters and similar devices. Continuous monitoring is most preferred, but measurement updated 

40 from 5 to 10 up to about 30 times per minute represents a desired frequency range with a corresponding adjustment 
in the initiator feed profile. Observed changes in the monomer feed profile or reaction temperature from target profile 
values are used on a continuing basis during the polymerization to update the initiator feed rate. 

A more refined method of controlling X„ can be attained by measuring the monomer concentration by a suitable 
means on a continuous basis during the polymerization and adjusting the initiator feed profile to satisfy the selected 

<s ^ value. That is, the monomer concentration in the reaction vessel is measured on a continuous basis by a means 
suitable for measuring monomer concentration and the measured monomer concentration is used thereafter in the 
polymerization kinetics relationship between degree of polymerization and monomer concentration, initiator concen- 
tration, reaction temperature and polymerization efficiency factor to adjust the initiator feed profile accordingly during 
the polymerization process. One means suitable for measuring the in-process monomer concentration involves use 

so of a sampling loop attached to the reaction vessel which circulates a small representative portion of the reaction mixture 
through a chamber containing a detection device, such as ultraviolet, refractive index and infrared detectors and then 
returns the reaction mixture sample to the main reaction vessel. Calibration curves relating the spectroscopic results 
to monomer concentration would be used to provide an instantaneous value for monomer concentration. 

In a similar manner, the bulk viscosity of the contents of the reaction vessel can be measured by a suitable means 

55 to determine if adjustments in the initiator feed profile are required. One means suitable for measuring the bulk viscosity 
at any given time involves using an in-line viscosity probe and then comparing the measured bulk viscosity with ex- 
perimental correlations of viscosity, polymer concentration, molecular weight and temperature. For example, a bulk 
viscosity for contents of the reaction vessel can be measured on a continuous basis by a means suitable for measuring 
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viscosity and the monomer and initiator feed profiles can be adjusted accordingly during the polymerization process 
based on using the bulk viscosity in the polymerization kinetics relationship between degree of polymerization and 
monomer concentration, initiator concentration, reaction temperature and polymerization efficiency factor to satisfy a 
predetermined target for the degree of polymerization. 
s The polymerizations are conducted by preparing separate monomer mix and initiator mix feeds and adding them 

to the reaction vessel. The reaction vessel may contain a diluent. For example, in order to aid in mixing and hea 
transfer of the reactor contents, the reaction vessel can contain a small amount of diluent, such as polymer, solvent 
or additional monomer, and mixtures thereof. The optional use of diluent in this manner sometimes is referred to inthe 
art as a heel process. The heel may comprise from about 5 to about 30% of the total amount of materia s to be added 
w to the reactor, preferably from about 1 0 to about 20%. In the case where monomer is used as any part of the heel, this 
amount of monomer is included in calculating the initiator feed profile required to satisfy PMWR. 

The monomer feed can consist of a single monomer or a mixture of monomers. Multiple monomer feeds of different 
monomers or monomer mixtures can be used. The multiple monomer feeds can have different feed rates in order to 
control the incorporation of monomers of different reactivities, such as acrylic esters and styrene derivatives. In such 
is a case, a more complex form of the polymerization kinetics relationship, e.g., Equation 1 , must be derived according 
to the well-known copolymer equation based on the use of monomer reactivity ratios and cross termination rate con- 
stants (Polymer Handbook, ibid.). The monomer feed can contain a small amount of initiator, preferably no more than 
up to about 10% by weight of the total initiator to be used in the polymerization; most preferably the monomer leed 
contains no initiator. If some initiator is present in the monomer teed, then this amount is taken into account when 
so calculating the initiator feed profile. The monomer feed can also contain a small amount of diluent, preferably no more 
than about 1 0 to about 40% by weight of total diluent to be used in the polymerization. 

In a similar fashion the initiator feed may consist of a single initiator or a mixture of initiators. Multiple initiator feeds 
of different initiators can be used. The multiple initiator feeds can have different feed rates in order to provide miha tors 
of different reactivities; this would be particularly advantageous in the case where staged temperature profiles, rather 
25 than isothermal conditions, are used. In the case where muftiple initiator feeds are used, the initiator term in Equation 
1 becomes the sum of the individual initiator terms, i.e., 2t i fpk d [ | ] = £(2f l1 f p1 k d1 [l 1 ] + 2f i2 1 p2 k d2 [l 2 ] + ....) . 

The monomer and initiator are not added all at one time. The additions can take several forms, for example a 
continuous feed or multiple shot additions of portions of monomer or initiator over some period of time A suitable 
monomer feed profile can be any profile which allows subsequent selection of an initiator feed profile so that the con- 
30 ditions of PMWR can be satisfied for maintaining the desired X n constant during the polymerization without exceeding 
the limits of the reactor design, for example, control of the exothermicity of the polymerization. Among the forms o 
monomer feed profiles useful in this invention are those where the monomer is added (a) at a steady rate throughout 
its time of addition, (b) at a steadily increasing or decreasing rate throughout its time of addition, (c) at a steadily 
increasing rate for the initial portion and at a steadily decreasing rate for the latter portion of its time of addition (d at 
35 alternating increasing and decreasing rates throughout its time of addition or (e) at a steadily decreasing rate for the 
initial portion and at a steadily increasing rate for the latter portion of its time of addition. In another form of monomer 
feed profile, referred to as multistaged addition, a combination of feed profiles (a), (b) and (c) described above may 
be used where the monomer is added to the reaction vessel in several stages comprising (i) a first stage in which 5 o 
20% by weight of the total monomer is added at an approximately constantly increasing rate over a 10 to 40 minute 
40 period (ii) a second stage in which 30 to 70% by weight of the total monomer is added at an approximately constant 
rate over a 10 to 60 minute period, and (iii) a final stage in which the remainder of the monomer is added at an ap- 
proximately constantly decreasing rate over a 20 to 120 minute period. Preferably, in this multi-staged addition the 
monomer added in the first stage (a) is from 5 to 10 percent by weight of total monomer and ,s added over a 10 to 15 
minute period, the monomer added in the second stage (b) is from 40 to 60 percent by weight of total monomer and 
45 is added over a 20 to 40 minute period, and the monomer added in the final stage (c) is added over a 45 to 60 minute 

After the monomer and initiator feeds have been completely added to the reaction vessel, reaction conditions are 
maintained for some additional time to allow the initiator to fully decompose and react with residual monomer. In this 
way high monomer conversions can be achieved, for example, greater than about 90% by weight of monomer to 

50 polymer, preferably greaterthan about 95% and more preferably greaterthan about 97%. The upper limit of the percent 
monomer conversion is determined by thermodynamic factors and will vary depending upon the monomers involved 
and temperatures used in the polymerization process. The addition time periods mentioned above would be typical of 
many polymerizing systems, but the exact addition times could vary widely depending upon the exact monomers and 
the overall rates of polymerization involved. The multistaged addition of monomer has been found to provide optima 

ss control of the amount of heat evolved during the polymerization resulting in a preferred method for ensuring isotherma 
conditions throughout the polymerization within the limits of heat dissipation and cooling capabilities of conventional 
reaction vessels. The monomer feed profiles described above are representative of the wide range of profiles suitable 
for use in the present invention and are not intended to limit the invention. 
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In the specific case of polymerizing alkyl acrylate and alkyl methacrylate monomers, the monomer mix can be 
added to the reaction vessel in several stages in which 5 to 10% ot the total monomer is added at a constantly increasing 
rate over 10 to 15 minutes during the first stage, 40 to 60% of the total monomer is added at a uniform rate over 20 to 
40 minutes during the second stage, and the remainder of the monomer is added at a constantly decreasing rate over 
s 45 to 60 minutes during the third stage. The exact amounts of monomer and feed times can vary slightly depending 
upon the specific monomers used and the polymerization temperature selected. The amounts and addition rates used 
above are suitable for reaction temperatures of about 100 to about 1 20°C. If somewhat lower temperatures are used, 
a slightly slower rate of addition would be used to maintain control of the exotherm during the polymerization. 

Polymers using the process of this invention can be prepared under a wide variety of conditions. For example, 
10 reactions can be run under an inert atmosphere at temperatures of from about 20 to 150°C, depending upon the 
monomers and initiator systems used. Isothermal, staged temperature profile or exotherm processes may be used. 
As is recognized by those skilled in the art, the time and temperature of the polymerization reaction are dependent on 
the choice of initiator and can be varied accordingly. For example, in the case of emulsion polymerization, temperatures 
from room temperature, e.g., about 20°C, up to about 80°C can be used with certain redox initiator systems. In addition, 
is thermally activated initiators, such as persulfate salts, tert-butyl peroxalate, fert-butyl perbenzoate and fert-butyl per- 
oxide, can be used in the temperature range of about 20°C to about 150°C for emulsion polymerizations. 

Initiators useful for this polymerization process are any of the well known free-radical-producing compounds such 
as peroxy, hydroperoxy and azo initiators including acetyl peroxide, benzoyl peroxide, lauroyl peroxide, te/t-butyl per- 
oxyisobutyrate, caproyl peroxide, cumene hydroperoxide, 1,1-di(re/t-butylperoxy)-3,3 > 5-trimethylcyclohexane, azobi- 
20 sisobutyronitrile and te/t-butyl peroctoate. The initiator usage is normally between 0.025 and 1 % by weight, based on 
the total weight of the monomers, and more preferably from 0.05 to 0.5%, depending upon the monomers involved. 

Chain transfer agents can also be used to control the molecular weight of the polymer. Preferred chain transfer 
agents are alkyl mercaptans such as butyl mercaptan, lauryl mercaptan (also known as dodecyl mercaptan), tert- 
dodecyl mercaptan, carbon tetrachloride and carbon tetrabromide. The concentrations of chain transfer agent used 
25 are from 0 to about 2% by weight, with the higher concentrations being used for lower molecular weight polymers. 

Among the diluents suitable for use in the polymerization are aromatic hydrocarbons (such as benzene, toluene, 
xylene and aromatic naphthas), chlorinated hydrocarbons (such as ethylene dichloride, chlorobenzene and dichlo- 
robenzene), esters (such as ethyl propionate or butyl acetate), aliphatic hydrocarbons, e.g. (C 6 -C2o)aliphatic hydro- 
carbons (such as cyclohexane, heptane and octane), petroleum base oils (such as paraffinic and naphthenic oils) or 
30 synthetic base oils. Synthetic base oils include: poly-(alkylmethacrylate) lubricating oil additives; olefin copolymer 
(OCP) lubricating oil additives, such as poly(ethylene-propylene) or poly(isobutylene); hydrogenated styrene-diene 
(HSD) copolymer lubricating oil additives, such as poly (styrene-butadiene). 

Diluents may be added to the monomer mix, in which case they are added to the reaction vessel along with the 
monomer feed. Diluents are also used to provide an inert solvent heel for the polymerization, in which case they are 
35 added to the reaction vessel before the monomer and initiator feeds are started to provide an appropriate volume of 
liquid in the reaction vessel to promote good mixing of the monomer and initiator feeds, particularly in the early part of 
the polymerization. When a lubricating oil is used as a diluent it may contain unsaturated impurities which can interfere 
with the polymerization process. It is desirable to limit the level of these impurities in the lubricating oil to minimize side 
reactions; therefore, lubricating oils having bromine numbers less than about 12 are preferred for use as diluents in 
40 the present invention (the bromine number is a standard analytical measure of the amount of unsaturated materials 
present in a material). Preferably, materials selected as diluents should be essentially non-reactive towards the initiators 
or intermediates in the polymerization to minimize side reactions such as chain transfer and the like. This is particularly 
important when very narrow molecular weight distributions are desired. The diluent may also be any polymeric material 
which acts as a solvent and is otherwise compatible with the monomers and polymerization ingredients being used. 
45 Particularly preferred as a diluent is the polymer which results from using the monomers being polymerized. 

Monomers used in the present invention may be any monomers capable of polymerizing with themselves (homopol- 
ymers) or comonomers (copolymers) and which are relatively soluble in the homopolymer or copolymer formed. Pref- 
erably the monomers are monoethylenically unsaturated monomers. Polyethylenically unsaturated monomers which 
lead to crosslinking during the polymerization, in which case the concept of molecular weight control loses its signifi- 
50 cance, are generally undesirable. Polyethylenically unsaturated monomers which do not lead to crosslinking or only 
crosslink to a small degree, e.g., butadiene, are satisfactory comonomers. Small amounts of crosslinkable monomers 
may be present in the monomer mix as long as their presence does not appreciably affect the control of molecular 
weight and MWD according to PMWR. 

One class of suitable monoethylenically unsaturated monomers is vinylaromatic monomers which includes, among 
55 others, styrene, a-methylstyrene, vinyltoluene, p-methylstyrene, ethytvinylbenzene, vinylnaphthalene and vinylxy- 
lenes,. The vinylaromatic monomers can also include their corresponding substituted counterparts, such as halogen- 
ated derivatives, i.e., containing one or more halogen groups, such as fluorine, chlorine or bromine; and nitro, cyano, 
alkoxy, haloalkyl, carbalkoxy, carboxy, amino and alkylamino derivatives. 
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Another class of suitable monoethylenically unsaturated monomers is nitrogen-containing ring compounds such 
asvinylpyridine, 2-methyl-5-vinylpyridine, 2-ethyl-5-vinylpyridine, 3-methyl-5-vinylpyridine. 2,3-dimethyl-5-vinylpyr,d- 
ine, 2-methyl-3-ethyl-5-vinylpyridine, methyl-substituted quinolines and isoquinolines, N-vinylcaprolactam, N-vinylbu- 
tyrolactam and N-vinylpyrrolidone. 

Another class ot suitable monoethylenically unsaturated monomers is substituted ethylene monomers, such as 
vinyl acetate, vinyl chloride, vinyl fluoride, vinyl bromide, vinylidene chloride, vinylidene fluoride, vmyl.dene bromide, 
acrylonitrile, methacrylonitrile, acrylic acid and corresponding amides and esters, methacrylic acid and corresponding 

amides and esters. ,. 

A particularly preferred class of acrylic and methacrylic acid derivatives is represented by alkyl acrylate, alkyl 
methacrylate, substituted alkyl acrylate and methacrylate and substituted acrylamide and methacrylamide monomers 
Each of the monomers can be a single monomer or a mixture having different numbers of carbon atoms in the a ky 
portion Preferably, the monomers are selected from the group consisting of (CVC^alkyl methacrylates, (CVC^alkyl 
acrylates, hydroxy(C 2 -C 6 )alkyl methacrylates, hydroxy(C r C 6 )alkyl acrylates, dialkylamino(C 2 -C 6 )alkyl methacrylates, 
dialkylamino(C 2 -C 6 )alkyl acrylates, dialkylamino(C 2 -C 6 )alkyl methacrylamides and dialkylammo(C 2 -C 6 )alkyl acryla- 
mkJes The alkyl portion of each monomer can be linear or branched. 

Of particular interest is the production of polymers for use as lubricating oil additives with good dispersant or 
dispersant and viscosity index improver characteristics wherein the monomer comprises from 70 to 98 weight percent 
of monomer selected from the group consisting of (CVC^alkyl meth-acrylates and (C^C^alkyl acrylates, and from 
2 to 30 weight percent of monomer selected from the group consisting of hydroxy(C 2 -C 6 )alkyl methacrylates and hy- 
droxy(C,-C e )alkyl acrylates, wherein the number of carbon atoms in the alkyl groups averages from 7 to 14, and the 
polymer? for example, has a weight-average molecular weight (MJ of from 20,000 to 1,000,000. In this embod.men 
the (CVC^alkyl methacrylate and (CVC^alkyl acrylate monomers may comprise (a) from 0 to 40 percent by weight 
of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains from 1 to 6 carbon atoms, or mixture thereof, 

(b) from 30 to 90 percent by weight of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains from 7 
to 15 carbon atoms, or mixture thereof, (c) from 0 to 40 percent by weight of an alkyl methacrylate or alkyl acrylate in 
which the alkyl group contains from 16 to 24 carbon atoms, or mixture thereof. Preferably, monomer (a) is methyl 
methacrylate, butyl methacrylate, isobutyl methacrylate or mixtures thereof, monomer (b) is 2-ethylhexyl methacrylate, 
isodecyl methacrylate, dodecyl-pentadecyl methacrylate, lauryl-myristyl methacrylate or mixtures thereof, monomer 

(c) is cetyl-stearyl methacrylate, cetyl-eicosyl methacrylate or mixtures thereof, and the hydroxy(C 2 -C 6 )alkyl methacr- 
ylate and hydroxy(C 2 -C 6 )alkyl acrylate monomer is 2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxy- 
propyl methacrylate. 1 -methyl-2-hydroxyethyl methacrylate, 2-hydroxypropyl acrylate, 1 -methyl-2-hydroxyethy acr- 
ylate, 2-hydroxybutyl methacrylate, 2-hydroxybutyl acrylate or mixtures thereof, and preferably the hydroxy(C 2 -C 6 )alky I 
methacrylate monomer is a mixture of 2-hydroxypropyl methacrylate and 1 -methyl-2-hydroxy-ethyl methacrylate. Pref- 
erably, monomer (a) is from zero to 20 percent by weight monomer, (b) is from 45 to 85 percent by weight monomer 
(c) is from 5 to 35 percent by weight and the hydroxy-(C 2 -C 6 )alkyl methacrylate monomer is from 4 to 20% by weight 
of a mixture of 2-hydroxypropyl methacrylate and 1 -methyl-2-hydroxyethyl methacrylate. More preferably, monomer 
(a) is from zero to 10 percent by weight monomer, (b) is from 50 to 70 percent by weight monomer, (c) is from 20 to 
35 percent by weight and the hydroxy (C 2 -C 6 )alkyl methacrylate monomer is from 5 to 1 5 percent by weight of a mixture 
of 2-hydroxypropyl methacrylate and 1-methyl-2-hydroxyethyl methacrylate. 

In another embodiment of the invention, the monomer comprises 60 to 100 weight percent of monomer selected 
from the group consisting of (C r C 24 )alkyl methacrylates and (C,-C 24 )alkyl acrylates, wherein these monomers may 
comprise (a) 0 to 40% of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains from 1 to 6 carbon 
atoms or mixture thereof, (b) from 30 to 90% of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains 
from 7 to 15 carbon atoms, or mixture thereof, and (c) 0 to 40% of an alkyl methacrylate or alkyl acrylate in which the 
alkyl group contains from 16 to 24 carbon atoms, or mixture thereof; and 0 to 40% of mono-ethylenically unsaturated 
monomer (d). All percentages are by weight, are based on the total weight of the polymer, and the total of (a), (b), (c) 
and (d) equals 100 percent of the weight of the polymer. 

Examples of monomer (a), the alkyl methacrylate or alky I acrylate where the alkyl group contains from 1 to 6 carbon 
atoms (also called the "low-cut" alkyl methacrylate or alkyl acrylate), are methyl methacrylate (MMA). methyl and ethyl 
acrylate propyl methacrylate, butyl methacrylate (BMA) and acrylate (BA), isobutyl methacrylate (IBMA). hexyl and 
cyclohexyl methacrylate. cyclohexyl acrylate and combinations thereof. Preferred low-cut alkyl methacrylates are me- 
thyl methacrylate. butyl methacrylate. isobutyl methacrylate or mixtures thereof. More preferred low-cut alkyl methacr- 
ylates are methyl methacrylate and butyl methacrylate. 

Examples of monomer (b). the alkyl methacrylate or alkyl acrylate where the alkyl group contains from 7 to 15 
carbon atoms (also called the "midgut" alkyl methacrylates acrylates or alkyl acrylates), are 2-ethylhexyl acrylate 
(EHA) 2-ethylhexyl methacrylate. octyl methacrylate, decyl methacrylate, isodecyl methacrylate (I DMA, based on 
branched (C 10 )alkyl isomer mixture), undecyl methacrylate, dodecyl methacrylate (also known as lauryl methacrylate) 
tridecyl methacrylate, tetradecyl methacrylate (also known as myristyl methacrylate). pentadecyl methacrylate and 



10 



EP 0 561 078 B1 



combinations thereof. Also useful are: dodecyl-pentadecyl methacrylate (DPMA), a mixture of linear and branched 
isomers of dodecyl, tridecyl, tetradecyl and pentadecyl methacrylates; and lauryl-myristyl methacrylate (LMA), a mixture 
of dodecyl and tetradecyl methacrylates. The preferred mid-cut alkyl methacrylates are 2-ethylhexyl methacrylate, 
isodecyl methacrylate, dodecyl-pentadecyl methacrylate, laurylmyristyl methacrylate or mixtures thereof. More pre- 
ferred mid-cut alkyl methacrylates are lauryl-myristyl methacrylate and isodecyl methacrylate. 

Examples of monomer (c), the alkyl methacrylate or alkyl acrylate where the alkyl group contains from 1 6 to 24 
carbon atoms (also called the "high-cuf alkyl methacrylates or alkyl acrylates), are hexadecyl methacrylate, heptadecyl 
methacrylate, octadecyl methacrylate, nonadecyl methacrylate, cosy I methacrylate, eicosyl methacrylate and combi- 
nations thereof. Also useful are: cetyl-eicosyl methacrylate (CEMA), a mixture of hexadecyl, octadecyl, cosyl and ei- 
cosyl methacrylate; and cetylstearyl methacrylate (SMA), a mixture of hexadecyl and octadecyl methacrylate. The 
preferred high-cut alkyl methacrylates are cetyl-eicosyl methacrylate and cetyl-stearyl methacrylate or mixtures thereof. 

The mid-cut and high-cut alkyl methacrylate and alkyl acrylate monomers described above are generally prepared 
by standard esterification procedures using technical grades of long chain aliphatic alcohols, and these commercially 
available alcohols are mixtures of alcohols of varying chain lengths containing between 10 and 15 or 16 and 20 carbon 
atoms in the alkyl group. Consequently, for the purposes of this invention, alkyl methacrylate is intended to include not 
only the individual alkyl methacrylate product named, but also to include mixtures of the alkyl methacrylates with a 
predominant amount of the particular alkyl methacrylate named. 

Monomer (d) may, for example, comprise a vinylaromatic monomer, a substituted ethylene monomer, a monomer 
having a nitrogeno-containing ring (each previously described) or mixtures thereof. 

Additional examples of monomer (d) are those alkyl methacrylate and acrylate monomers with one or more hydroxyl 
groups in the alkyl radical, especially those where the hydroxyl group is found at the p-position (2-position) in the alkyl 
radical. Hydroxyalkyl methacrylate and acrylate monomers in which the substituted alkyl group is a (Cg-CeJalkyI, 
branched or unbranched, are preferred. Among the hydroxyalkyl methacrylate and acrylate monomers suitable for use 
in the present invention are 2-hydroxyethyl methacrylate (HEMA), 2-hydroxyethyl acrylate, 2-hydroxypropyl methacr- 
ylate, 1-methyl-2-hydroxyethyl methacrylate, 2-hydroxy-p ropy I acrylate, 1-methyl-2-hydroxyethyl acrylate, 2-hydroxy- 
butyl methacrylate, 2-hydroxybutyl acrylate, or mixtures thereof. The preferred hydroxyalkyl methacrylate and acrylate 
monomers are HEMA, 1 -methyl-2-hydroxyethyl methacrylate and 2-hydroxypropyl methacrylate. A mixture of the latter 
two monomers is commonly referred to as "hydroxy propyl methacrylate' 1 or HPMA. HPMA is a more preferred hydroxy- 
alkyl methacrylate. 

Further examples of monomer (d) are those alkyl methacrylate and acrylate monomers with a dialkylamino group 
in the alkyl radical, such as dimethylaminoethyl methacrylate and dimethylaminoethyl acrylate. 

Other examples of monomer (d) are dialkylaminoalkyl methacrylamide and acrylamide monomers, such as N,N- 
dimethylaminoethyl methacrylamide, N,N-dimethyl-aminopropyl methacrylamide, N,N-dimethylaminobutyl methacry- 
lamide, N,N-diethylaminoethyl methacrylamide, N,N-diethylaminopropyl methacrylamide and N,N-diethylaminobutyl 
methacrylamide. A preferred dialkylaminoalkyl methacrylamide is N,N-dimethylaminopropyl methacrylamide. 

Preferred polymers for use as lubricating oil additives with good dispersant or dispersant and viscosity index im- 
prover characteristics are those where monomer (a) is selected from one or more of methyl methacrylate, butyl meth- 
acrylate and isobutyl methacrylate, (b) is selected from one or more of 2-ethylhexyl methacrylate, isodecyl methacrylate, 
dodecyl-pentadecyl methacrylate and lauryl-myristyl methacrylate, (c) is selected from one or more of cetyl-stearyl 
methacrylate and cetyl-eicosyl methacrylate, and the monoethylenically unsaturated monomer (d) is selected from one 
or more of 2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl methacrylate, 1 -methyl-2-hydroxye- 
thyl methacrylate, 2-hydroxy-propyl acrylate, 1 -methyl-2-hydroxyethyl acrylate, 2-hydroxybutyl methacrylate and 2-hy- 
droxybutyl acrylate. 

In a preferred embodiment of the invention, the polymerization process is used to produce polymers useful as 
lubricating oil additives with good dispersant or dispersant and viscosity index improver characteristics where: the 
amount of (a) in the polymer is preferably from 0 to 20%, and more preferably from 0 to 10%; the amount of (b) is 
preferably from 45 to 85%, and more preferably from 50 to 70%; the amount of (c) is from 5 to 35%, and more preferably 
from 20 to 35%; and the amount of (d) is preferably from 4 to 20%, and more preferably from 5 to 15%. 

Poly(alkylmethacrylate) and poly(alkylacrylate) polymers produced by the process of the present invention having 
polydispersity indices from about 2 to about 6, and most preferably from about 2 to about 4, are useful as improved 
lubricating oil additives because the narrow MWD polymers allow more efficient use of the additive to satisfy a particular 
formulated engine oil viscosity specification, e.g., up to about 10 to 15% less additive may be required to produce a 
viscosity of about 9 x 10" 3 to 2 x 10 2 Pa s (about 9 to about 20 centipoise) (at 100°C) in a 100N base oil compared to 
an additive satisfying the same viscosity specification and having a polydispersity index of about 1 0. 

Polymers produced by the process of the present invention may, for example, have a weight-average molecular 
weight of from 20,000 to 1 ,000,000. 

The process of this invention can be used to produce polymers by bulk, solution or emulsion polymerization tech- 
niques. In the case of emulsion polymerization, the basic equations defining the polymerization rate dependence in- 



11 



EP 0 561 078 B1 



elude a term based on the number of emulsion particles generated. Equations corresponding to Equation 1 can be 
derived for emulsion polymerization using well-known relationships available in standard polymer textbooks. Suspen- 
sion polymerization processes can also benefit from the process of the present invention if adequate transfer of the 
initiator feed from the continuous phase (usually aqueous based) into the suspension particles or dispersed phase 
s (usually water-insoluble) is achieved so that an approximately constant value of X„ can be maintained during the 
polymerization. 

The process of this invention can be used to produce prepolymers which are subsequently used as substrates for 
graft polymers. That is, the benefits of narrow MWD polymers can be used in grafting the same or different monomers 
onto a polymer prepared by the process of the invention. In these cases, molecular weight characterization can be 

w determined for the prepolymer made by the process of the invention, but the final graft polymer may not be as readily 
characterized because of polymer branching which occurs during the grafting step. 

The process of this invention can be used to produce polymers by semi-batch or semi-continuous methods. As 
used herein, semi-batch refers to processes in which reactants are added to a reactor, one or more of which may be 
added over the course of the reaction, and the finished polymer is removed as the final product after polymerization 

15 has been completed. A batch polymerization refers to processes in which the reactants are all added to the reactor 
initially and the finished polymer is removed as the final product after polymerization has been completed. A continuous 
polymerization refers to processes in which all reactants (in a constant relationship to one another) are added to a 
reactor on a continuous basis and a polymer-reactant stream is removed on a continuous basis at the same rate that 
reactants are added. As used herein, semi-continuous refers to processes in which continuous-mode reactors are 

20 connected in series such that the resultant polymer-reactant mixture of each continuous reactor is fed into the next 
reactor in the series and each continuous reactor uses a different set of conditions representing step function changes 
in monomer ratios, monomer feed rates, initiator to monomer ratios, or initiator feed rates; the resultant polymer product 
from the last reactor in the series would be similar to a polymer having been produced by operating one reactor in a 
semi-batch mode. 

25 The following Examples are presented to illustrate preferred embodiments of the present invention. Examples 1 -6 

illustrate use of the process of the present invention to produce polymers. Examples 4-6 further illustrate use of the 
invention when the polymerizations are conducted in the presence of polymeric additives as part of the diluent media. 
All ratios and percentages are by weight, and all reagents are of good commercial quality unless otherwise indicated. 

30 EXAMPLE I 

A monomer mix was prepared from 150 grams cetyl-eicosyl methacrylate (100% basis, 95% purity), 280 grams 
isodecyl methacrylate (100% basis, 98% purity), 45 grams methyl methacrylate, 25 grams hydroxypropyl methacrylate 
and 40 grams of paraffinic base oil (100N oil). The total amount of monomer came to 500 grams and the total amount 

35 of monomer mix was 554 grams. Equations corresponding to Equations 1 , and 2 were established for the monomer 
mix and a monomer feed profile was selected (described below) together with a calculated initiator feed profile (de- 
scribed below) based on a selected of 700 and an initiator efficiency factor (fj) of 0.7 for fert-butyl peroctoate. Initiator 
data (constants, activation energies) were derived from data in Polymer Handbook, ibid., or data supplied by the 
manufacturer or supplier of the initiator. Propagation and termination rate data (kp/k t 0 - 5 ) for the monomer mix were 

40 derived from experimental conversion data at different temperatures. The SimuSolv computer application program 
(modelling and simulation software available from Dow Chemical Co. - "SimuSolv" is a trademark) was used to analyze 
the data to generate the kinetic rate parameters used in Equation 1; the monomer mix was treated as a single "alkyl" 
methacrylate for the purposes of computation. A linear form of the polymerization efficiency factor, which is represent- 
ative of a steady decrease of f p with increasing monomer conversion, was selected for use in this Example. Whenever 

45 the selected f p relationship calculated a value for f p less than 0.1 in this Example, a value of 0.1 was used for the 
remainder of the polymerization. Values for constants and related data used in Equations 1 and 2 are presented below. 

k p /k t 05 = (3777)exp(-5181/1.98T); E p - E/2 = 5181 cal/mole (21.693 x 10 3 J mole" 1 ) 

so 

k d = (5x 10 15 ) exp(-29685/1.98T); E d = 29685 cal/mole (124.291 x 10 3 J mole" 1 ) 
k^fCTA] = 0 in Equation 1 



f.=0.7 
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w 



f p = {1 - C} = Equation 2 where a is 1, b n is -1 and Y. is C 

T = 120°C+273 = 393°K 
X n = 700 (selected) 



; {(3777)exp(-5181/1.98T)}[M]/{2{0.7(1 - C)}{(5 x 10 l5 )exp(-296B5/1 .98T)}[I]} 0 - 5 = Equation 1 



The monomer mix was fed to a nitrogen flushed 1 -litre cylindrical kettle (containing 100 grams of paraffinic base 
oil which had been preheated to 120°C) fitted with a thermocouple and proportional temperature controller, a water* 

is cooled reflux condenser with nitrogen outlet, a stirrer, a nitrogen inlet, and two addition funnels to control the addition 
of monomer and initiator mixes. The monomer mix was added in three stages using the following monomer feed profile: 
stage 1 - 46 grams was added over 10 minutes such that the rate of addition was steadily increased from 0 grams/ 
minute (g/min) initially to approximately 9 g/min at the end of 10 minutes; stage 2 - 277 grams was then added at a 
uniform rate of about 9 g/min over 30 minutes; stage 3 - the remaining 231 grams was then added over 50 minutes 

20 such that the rate of addition was steadily decreased from about 9 g/min initially to 0 g/min at the end of 50 minutes. 

Based on the monomer feed profile described above and using a selected (target) value of 700 for X,,, Equation 
1 was solved for [I] to provide the initiator feed profile. The computer program used to calculate the initiator feed profile 
was set up so that a new value for [I] would be calculated 100 times per minute. For example, using a value for added 
monomer based on the selected monomer feed profile, a new value for [M] was calculated based on the rate of po- 

25 lymerization using the temperature, monomer polymerization rate constant data, initiator decomposition rate constant 
data and the amount of initiator already added. The new value for [M] was then used to calculate a new value for [I] 
consistent with Equation 1 and the initiator feed profile was adjusted accordingly. This sequence of calculations (one 
iteration) was repeated every 0.6 seconds and the new value for [I] was then used to adjust the initiator feed until the 
next calculation and adjustment occurred. 

30 An initiator solution of 1 .2 grams of tert-butyl peroctoate (tert-butylperoxy-2-ethylhexanoate) and 5.0 grams of 

paraffinic base oil was also fed as a separate stream starting at the same time as the monomer feed. The initiator feed 
was added at a varying rate (based on the calculations described above) in several stages: stage 1 - about 1 .6 grams 
was added over the first 40 minutes such that the rate of addition was steadily increased from about 0.02 g/min initially 
to about 0.07 g/min at the end of 40 minutes; stage 2 - about 1 .35 grams was added at a uniform rate of about 0.07 

35 g/min over the next 20 minutes; stage 3 - about 1 .4 grams was added over the next 30 minutes such that the rate of 
addition was steadily decreased from about 0.07 g/min initially to about 0.04 g/min at the end of 30 minutes; stage 4 
- about 1.8 grams was added over the next 100 minutes such that the rate of addition was steadily decreased from 
about 0.04 g/min initially to 0 g/min at the end of 100 minutes. The initiator feed extended beyond complete addition 
of the monomer mix feed for about 1 .5 to 2 hours, until at least 90% monomer conversion was attained, 92% (dialysis 

40 measurement) in this case. Table 1 below summarizes the amount of monomer mix and initiator mix added to the 
reaction kettle as a function of time. Heating or cooling was applied as needed to maintain the polymerization temper- 
ature at 1 20°C. Approximately 360 grams of paraffinic oil base stock was then added to bring the batch to a theoretical 
solids of 50% polymer in oil. After 30 minutes of mixing at 1 20°C the batch was homogeneous and the polymerization 
was considered complete. 

45 The shear stability index (SSI) is a parameter which can be used to characterize polymers which are used as 

lubricating oil additives in the automotive industry for mechanical stability and can be directly correlated to polymer 
molecular weight. SSI is a measure of the percent loss in polymeric additive-contributed viscosity due to shear and 
can be determined by measuring viscosity before and after sonic irradiation according to ASTM D-2603-91 (published 
by the American Society for Testing and Materials). In general, higher molecular weight polymers undergo the greatest 

50 relative reduction in molecular weight when subjected to high shear conditions and, therefore, higher molecular weight 
polymers also exhibit the largest SSI values. The crude polymer from this preparation had an SSI of 59.5%. 

The molecular weight distribution of the crude polymer was measured by GPC (gel permeation chromatography) 
using tetrahydrofuran solvent and poly(methylmethacrylate) molecular weight standards. The crude polymer had a 
polydispersity index (ratio of Iv^ to M n ) of 4.39 (M^, was 1 ,039,000; M n was 236,000). 

55 The polymer solution was then further diluted with Exxon 1 50N oil and homogenized to satisfy viscosity specifica- 

tions. 
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IABLEJL 



Total Total 
Time (min) Monomer Mix Fed (e) Initiator Mix Fed^ (g) 

2 1.8 0.018 

4 7.4 0.039 

6 17 0.06 

8 29 0.08 

10 46 0.12 

15 92 0.26 

20 138 0.44 

25 186 0.65 

30 231 0.93 

35 277 1-24 

40 323 1-56 

50 396 2.26 

60 461 2.91 

70 517 3.45 

80 544 3.92 



TABI F 1 (continued) 



Total Total 

Time (min) Monomer M ix Fed (g) Initiator Mix Fed (g) 

90 554 4.33 

100 — 4.73 

131 — 5.61 

160 — 6.12 

190 — 6.16 



EXAMPLE 2 



In a manner similar to Example 1, 150 grams of cetyl-stearyl methacrylate (100% basis, 95% purity), 280 grams 
isodecyl methacrylate (100% basis, 98% purity), 45 grams methyl methacrylate, and 25 grams hydroxypropyl meth- 
acrylate were polymerized. The monomer mix addition rates were the same and the amount of initiator was increased 
slightly to produce a slightly lower molecular weight polymer. Table 2 below summarizes the amount of monomer mix 
and initiator mix added to the reaction kettle as a function of time. The X„ target was 500 and a quadratic form of the 
polymerization efficiency factor was used. The f p values were based on comparison of trial experiments with target 
values for monomer conversion followed by least squares regression analysis of the revised f p data to generate con- 
stants for the f. relationship used in this Example. The f p relationship took the following form: f p = = {0.746 + 0.203C 
- 0 873C 2 } Equation 2 where a is 0.746, b„ is 0.203. b 12 is - 0.873 and Yj is C. A total of 7.09 grams of initiator solution 
was added over 170 minutes and the final monomer conversion was 96.7% (dialysis measurement). The crude polymer 
had an SSI of 45.7%. 

The molecular weight distribution of the crude polymer was measured by GPC (gel permeation chromatography) 
using tetrahydrofuran solvent and poly(methylmethacrylate) molecular weight standards. The crude polymer had a 
polydispersity index (ratio of NL, to M n ) of 4.32 (M„ was 716,000; M n was 166,000). 
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TABLE 2 



5 



10 



15 



25 



Time (min) 


Total Monomer Mix Fed (g) 


Total Initiator Mix Fed (g) 


2 


1.8 


0.0005 


4 


7.4 


0.007 


6 


17 


0.01 


8 


29 


0.06 


10 


46 


0.16 


15 


92 


0.46 


20 


138 


0.81 . 


25 


186 


1.16 


30 


231 


1.50 


35 


277 


1.88 


40 


323 


2.26 


50 


396 


3.06 


60 


461 


3.70 


70 


517 


4.39 


80 


544 


4.96 


90 


554 


5.41 


100 




5.75 


130 




6.43 


160 




6.89 


170 




7.09 



EXAMPLE 3 

30 in a manner similar to Example 1, 140 grams cetyl-eicosyl methacrylate (100% basis, 95% purity), 310 grams 

isodecyl methacrylate (100% basis, 98% purity), 50 grams methyl methacrylate were polymerized. The monomer mix 
addition rates were the same. 6.54 grams of initiator mix was added over 21 0 minutes and the final monomer conversion 
was 95.5% (spectroscopic analysis). The X„ target was 700 and the selected f p relationship was the same as that of 
Example 1 . The crude polymer had an SSI of 51 .9%. 

35 The molecular weight distribution of the crude polymer was measured by GPC (gel permeation chromatography) 

using tetrahydrofuran solvent and poly(methylmethacrylate) molecular weight standards. The crude polymer had a 
polydispersity index (ratio of hA^ to M n ) of 4.23 (M w was 784,000; M n was 185,000). 

EXAMPLE 4 

40 

In a manner similar to Example 1, a monomer mix consisting of 240 grams of cetyl-stearyl methacrylate (100% 
basis, 95% purity), 448 grams isodecyl methacrylate (100% basis, 98% purity), 72 grams methyl methacrylate, 40 
grams hydroxypropyl methacrylate and 64 grams of paraffinic base oil (100N oil) was prepared. The total amount of 
monomer came to 800 grams and the total amount of monomer mix was 886 grams. The monomer mix was fed to a 

45 nitrogen flushed 1 .5-litre cylindrical kettle containing 77 grams of a poly(alkylmethacrylate) lubricating oil additive (Acry- 
loid 156, available from Rohm and Haas Co. - B Acryloid" is a trademark) and 83 grams of paraffinic base oil (100N oil) 
using a feed rate of 1.6 times that of the monomer feed rate used in Example 1. The initiator mix consisted of 20% 
(weight) /erf-butyl peroctoate in paraffinic base oil (100N oil). The X„ target was 600 and the selected f p relationship 
was the same as that of Example 2. Table 3 below summarizes the amount of monomer mix and initiator mix added 

so to the reaction kettle as a function of time. Approximately 540 grams of paraffinic oil base stock was added at the end 
of the polymerization to bring the batch to a solids of 50.8% polymer in oil. A total of 9.8 grams of initiator solution was 
added over 329 minutes and the final monomer conversion was 96.1% (dialysis measurement). The crude polymer 
had an SSI of 56.9%. 



TABLE 3 



Time (min) 


Total Monomer Mix Fed (g) 


Total Initiator Mix Fed (g) 


2 


3 


0.0006 
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TABLE 3 (continued) 



Time (min) 


Total Monomer Mix Fed (g) 


Total Initiator Mix Fed (g) 


4 


12 


0.009 


6 


27 


0.012 


8 


47 


0.08 


10 


72 


0.18 


15 


145 


0.56 


20 


219 


1.07 


25 


290 


1.57 


30 


361 


2.07 


35 


433 ! 


2.72 


40 


505 


3.41 


50 


636 


4.77 


60 


730 


5.88 


70 


811 


7.11 


80 


860 


8.05 


90 


886 


8.72 


120 




9.68 


150 




9.72 


180 




9.73 


210 




9.74 


240 




9.75 


270 




9.77 


329 




9.8 



EXAMPLE 5 

In a manner similar to Example 4, a monomer mix consisting of 240 grams of cetyl-stearyl methacrylate (100% 
basis, 95% purity), 448 grams isodecyl methacrylate (100% basis, 98% purity), 72 grams methyl methacrylate, 40 
grams hydroxypropyl methacrylate and 64 grams of paraffinic base oil (100N oil) was prepared. The monomer mix 
was fed to a nitrogen flushed 1.5-litre cylindrical kettle containing 160 grams of an ethylene-propylene copolymer 
lubricating oil additive (TLA 347A, 13.4% weight percent OCP in paraffinic base oil, available from Texaco Chemical 
Co. - ■TLA" is a trademark) instead of the poly(aikylmethacrylate) lubricating oil additive. The monomer and initiator 
feed rates, X„ target and the selected f p relationship used were the same as those in Example 4. Table 4 below sum- 
marizes the amount of monomer mix and initiator mix added to the reaction kettle as a function of time. Final polymer 
solids was 49.8%, a total of 13.1 grams of initiator solution was added over 310 minutes and the final monomer con- 
version was 96.8% (dialysis measurement). The crude polymer had an SSI of 59.7%. 



TABLE 4 



Time (min) 


Total Monomer Mix Fed (g) 


Total Initiator Mix Fed (g) 


2 


3 


0.0006 


4 


12 


0.009 


6 


27 


0.012 


8 


47 


0.08 


10 


74 


0.26 


15 


147 


0.65 


20 


218 


0.97 


25 


290 


1.41 


30 


361 


1.85 


35 


433 


2.61 


40 


504 


3.48 


50 


634 


4.82 
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TABLE 4 (continued) 



5 



10 



15 



Time (min) 


Total Monomer Mix Fed (g) 


Total Initiator Mix Fed (g) 


60 


730 


5.76 


70 


812 


7.06 


80 


860 


8.19 


90 


886 


8.72 


120 




9.33 


150 




10.5 


180 




11.4 


210 




12.2 


240 




12.4 


270 




12.6 


310 




13.1 



EXAMPLE 6 

In a manner similar to Example 4, a monomer mix consisting of 240 grams of cetyl-stearyl methacrylate (100% 
20 basis, 95% purity), 448 grams isodecyl methacrylate (100% basis, 98% purity), 72 grams methyl methacrylate, 40 
grams hydroxypropyl methacrylate and 64 grams of paraffinic base oil (100N oil) was prepared. The monomer mix 
was fed to a nitrogen flushed 1 .5-litre cylindrical kettle containing 1 60 grams of a hydrogenated sty rene-diene copolymer 
lubricating oil additive (Shellvis 40, 6.0% weight percent HSD in paraffinic base oil, available from Shell Chemical Co. 
- ■Shellvis" is a trademark) instead of the poly(alkylmethacrylate) lubricating oil additive. The monomer and initiator 
25 feed rates, X„ target and the selected f p relationship used were the same as those in Example 4. Final polymer solids 
was 49.1%, a total of 9.8 grams of initiator solution was added over 310 minutes and the final monomer conversion 
was 96.7% (dialysis measurement). The crude polymer had an SSI of 60.2%. 



30 claims 

1 . A polymerization process, which comprises adding monomer and initiator to a reaction vessel under polymerization 
conditions using a monomer feed profile and an initiator feed profile, wherein: one of the feed profiles is preselected; 
the feed profiles are such that the ratio of monomer concentration to initiator concentration is determined in ac- 

35 cordance with a polymerization kinetics relationship between a selected degree of polymerization for the polymer 

and monomer concentration, initiator concentration and reaction temperature; and the ratio of monomer concen- 
tration to initiator concentration of the kinetics relationship is modified by a polymerization efficiency factor, which 
is expressed as a function of reaction variables affecting initiator effectiveness, to obtain an approximately constant 
degree of polymerization during the polymerization. 

40 

2. A process as claimed in claim 1 , wherein the initiator is added to the reaction vessel using a selected initiator feed 
profile and the monomer is added to the reaction vessel using a monomer feed profile which is calculated from a 
polymerization kinetics relationship between a selected degree of polymerization and monomer concentration, 
initiator concentration, reaction temperature and polymerization efficiency factor. 

45 

3. A process as claimed in claim 1 , wherein the monomer is added to the reaction vessel using a selected monomer 
feed profile and the initiator is added to the reaction vessel using an initiator feed profile which is calculated from 
a polymerization kinetics relationship between a selected degree of polymerization and monomer concentration, 
initiator concentration, reaction temperature and polymerization efficiency factor. 

50 

4. A process as claimed in claim 1 , wherein the polymerization efficiency factor is less than one for at least some 
portion of the polymerization and is empirically derived. 

5. A process as claimed in claim 4, wherein the polymerization efficiency factor is expressed as a function of degree 
55 of monomer conversion: 
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f^la+b^C+b^C 2 ) 

wherein f p is the polymerization efficiency factor, C is degree of monomer conversion and a, and b 12 are 
constants, and f p is from 1 to 0.01 . 

6. A process as claimed in claim 1 , wherein the monomer and initiator which have been added to the reaction vessel 
are monitored on a continuous basis by a means suitable to determine amounts added, the amounts added are 
compared to predetermined profile values for added monomer and added initiator as a function of time, and the 
monomer and initiator feed profiles are adjusted accordingly whenever the difference between the predetermined 
profile values for added monomer or added initiator and the amounts added is not zero. 

7. A process as claimed in claim 1 , wherein the monomer concentration in the reaction vessel is measured on a 
continuous basis by a means suitable for measuring monomer concentration and the measured monomer con- 
centration is used thereafter in the polymerization kinetics relationship between degree of polymerization and 
monomer concentration, initiator concentration, reaction temperature and polymerization efficiency factor to adjust 
the initiator feed profile accordingly during the polymerization process. 

8. A process as claimed in claim 1 , wherein a bulk viscosity for contents of the reaction vessel is measured on a 
continuous basis by a means suitable for measuring viscosity and the monomer and initiator feed profiles are 
adjusted accordingly during the polymerization process based on using the bulk viscosity in the polymerization 
kinetics relationship between degree of polymerization and monomer concentration, initiator concentration, reac- 
tion temperature and polymerization efficiency factor to satisfy a predetermined target for the degree of polymer- 
ization. 

9. A process as claimed in any preceding claim, further comprising maintaining reaction conditions for a sufficient 
period of time after complete addition of the monomer and initiator such that more than 90% of the monomer is 
converted to polymer. 

10. A process as claimed in any preceding claim, wherein the polymer has a polydispersity index of from 1 .5 to 6 when 
the polydispersity index is expressed as the ratio of weight-average molecular weight to number-average molecular 
weight. 

11. A polymerization process as claimed in claim 1 , which comprises: 

(a) selecting a degree of polymerization for the desired polymer; 

(b) selecting a monomer feed profile; 

(c) calculating an initiator feed profile from the polymerization kinetics relationship between the selected degree 
of polymerization and monomer concentration, initiator concentration, reaction temperature, and polymeriza- 
tion efficiency factor, wherein the polymerization efficiency factor is expressed as a function of reaction vari- 
ables which affect initiator effectiveness, is empirically derived and is less than one for at least some portion 
of the polymerization; 

(d) adding the monomer to the reaction vessel under polymerization conditions in accordance with the selected 
monomer feed profile of step (b); 

(e) adding the initiator to the reaction vessel in accordance with the calculated initiator feed profile of step (c); 
and 

(f) maintaining reaction conditions for a sufficient period of time after complete addition of the monomer and 
initiator to allow them to react; 

to obtain an approximately constant degree of polymerization for the polymer during the polymerization process. 

12. A process of claim 1 1 , wherein more than 90% of the monomer is converted to polymer. 

13. A process of claim 11 or claim 12, wherein the polymer has a polydispersity index of from 1.5 to 6 when the 
polydispersity index is expressed as the ratio of weight-average molecular weight to number-average molecular 
weight. 

14. A process as claimed in any of claims 11 to 13, wherein the polymerization efficiency factor is expressed as a 
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function of degree of monomer conversion: 

f p = {a + b n C + b l2 C 2 } 

s 

wherein f p is the polymerization efficiency factor, C is degree of monomer conversion and a, b n and b 12 are 
constants derived from a regression analysis, and f p is from 1 to 0.01 . 

15. A process as claimed in any of claims 11 to 14, wherein the monomer is added in several stages comprising: 

w 

(a) a first stage in which 5 to 20 percent by weight of total monomer is added at an approximately constantly 
increasing rate over a 10 to 40 minute period; 

(b) a second stage in which 30 to 70 percent by weight of total monomer is added at an approximately constant 
rate over a 10 to 60 minute period; and 

is (c) a final stage in which the remainder of the monomer is added at an approximately constantly decreasing 

rate over a 20 to 120 minute period. 

16. A process as claimed in claim 15, wherein the monomer added in the first stage (a) is from 5 to 10 percent by 
weight of total monomer and is added over a 10 to 1 5 minute period, the monomer added in the second stage (b) 

20 js from 40 to 60 percent by weight of total monomer and is added over a 20 to 40 minute period, and the monomer 

added in the final stage (c) is added over a 45 to 60 minute period. 

17. A process as claimed in any of claims 11 to 16, wherein the monomer comprises from 70 to 98 weight percent of 
a monomer selected from the group consisting of (C r C 24 )alkyl methacrylates and (C t -C 24 )alkyl acrylates and 

25 from 2 to 30 weight percent of a monomer selected from the group consisting of hydroxy(C 2 -C 6 )-alkyl methacrylates 

and hydroxy(C 2 -C 6 )alkyl acrylates wherein the number of carbon atoms in the alkyl groups averages from 7 to 14. 

18. A process as claimed in claim 17, wherein the (C 1 -C 2 4)alkyl methacrylate and (C.,-C 2 4)alkyl acrylate monomers 
comprise: 

(a) from 0 to 40 percent by weight of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains 
from 1 to 6 carbon atoms, or mixture thereof, 

(b) from 30 to 90 percent by weight of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains 
from 7 to 15 carbon atoms, or mixture thereof, 

(c) from 0 to 40 percent by weight of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains 
from 16 to 24 carbon atoms, or mixture thereof. 

A process as claimed in claim 1 8, wherein monomer (a) is methyl methacrylate, butyl methacrylate, isobutyl meth- 
acrylate or mixtures thereof, monomer (b) is 2-ethylhexyl methacrylate, isodecyl methacrylate, dodecyl-pentadecyl 
methacrylate, lauryl-myristyl methacrylate or mixtures thereof, monomer (c) is cetyl-stearyl methacrylate, cetyl- 
eicosyl methacrylate or mixtures thereof, and wherein the hydroxy(C 2 -C 6 )alkyl methacrylate and hydroxy(C 2 -C 6 ) 
alkyl acrylate monomer is 2-hydroxyethyl methacrylate, 2-hydroxy ethyl acrylate, 2-hydroxypropyl methacrylate, 
1 -methyl-2-hydroxyethyl methacrylate, 2-hydroxypropyl acrylate, 1 -methyl-2-hydroxyethyl acrylate, 2-hydroxybutyl 
methacrylate, 2-hydroxybutyl acrylate or mixtures thereof. 

A process as claimed in claim 1 9, wherein the hydroxy(C 2 -C 6 )alkyl methacrylate monomer is a mixture of 2-hy- 
droxypropyl methacrylate and 1 -methyl-2-hydroxy-ethyl methacrylate. 

A process as calimed in any of claims 1 8 to 20, wherein monomer (a) is from zero to 20 percent by weight monomer, 
(b) is from 45 to 85 percent by weight monomer, (c) is from 5 to 35 percent by weight and the hydroxy-(C 2 -C 6 )alkyl 
methacrylate monomer is from 4 to 20% by weight of a mixture of 2-hydroxypropyl methacrylate and 1-methyl- 
2-hydroxyethyl methacrylate. 

A process as claimed in claim 21 , wherein monomer (a) is from zero to 1 0 percent by weight monomer, (b) is from 
50 to 70 percent by weight monomer, (c) is from 20 to 35 percent by weight and the hydroxy (C 2 -C 6 )alkyl meth- 
acrylate monomer is from 5 to 15 percent by weight of a mixture of 2-hydroxypropyl methacrylate and 1-methyl- 
2-hydroxyethyl methacrylate. 



30 
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21. 

so 



22. 

55 
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23. A process as claimed in claim 15 or claim 16, wherein the monomer comprises from 60 to 100 weight percent of 
a monomer selected from (C-, -C 24 )alkyl methacrylates and (C r C 24 )alkyl acrylates, and from zero to 40 weight 
percent of a monoethylenically unsaturated monomer. 

s 24. A process as claimed in claim 23, wherein the (C v C 24 )a\ty\ methacrylate and (C r C 24 )alkyl acrylate monomers 
comprise: 

(a) from 0 to 40 percent by weight of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains 
from 1 to 6 carbon atoms, or mixture thereof, 
w (b) from 30 to 90 percent by weight of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains 

from 7 to 15 carbon atoms, or mixture thereof, 

(c) from 0 to 40 percent by weight of an alkyl methacrylate or alkyl acrylate in which the alkyl group contains 
from 16 to 24 carbon atoms, or mixture thereof; 

is and the monoethylenically unsaturated monomer comprises a vinylaromatic monomer, a substituted ethylene mon- 

omer, a monomer having a nitrogen-containing ring or mixtures thereof. 

25. A process as claimed in any of claims 11 to 24, wherein the polymer has a weight-average molecular weight of 
from 20,000 to 1 ,000,000, and a potydispersity index of from 2 to 6 when the polydispersity index is expressed as 

20 the ratio of weight-average molecular weight to number-average molecular weight. 

26. A process as claimed in claim 1 1 to 25, wherein a diluent is present in the reaction vessel during the polymerization. 

27. A process as claimed in claim 26, wherein the diluent is selected from the group consisting of aliphatic hydrocar- 
25 bons, aromatic hydrocarbons, chlorinated hydrocarbons, esters, petroleum base oils and synthetic base oils. 

28. A process as claimed in claim 27, wherein the synthetic base oil is selected from poly (alky Imethacry late), olefin 
copolymer and hydrogenated styrene-diene copolymer lubricating oil additives. 

30 29. A process as claimed in claim 28, wherein the olefin copolymer is a poly(ethylene-propylene) lubricating oil additive. 

30. A process as claimed in claim 28 or claim 29, wherein the hydrogenated styrene<iiene copolymer is a hydrogenated 
poly(styrene-butadiene) lubricating oil additive. 

35 

Patentanspruche 

1. Polymerisationsverfahren, umfassend die Zugabe von Monomerem und Initiator in ein ReaktionsgefaG unter Po- 
lymerisationsbedingungen unter Verwendung eines Profils der Monomerzufuhr und eines Profils der Initiatorzuf uhr, 

40 wobei eines der Zufuhrprofile vorgewahlt ist, die Zufuhrprofile so sind, daG das Verhaltnis von Monomerkonzen- 

tration zur I nitiatorkonzent ration bestimmt wird in Ubereinstimmung mit einer Beziehung der Polymerisationskinetik 
zwischen einem gewahlten Grad von Polymerisation fur das Polymere und Monomerkonzentration, Inititatorkon- 
zentration und Reaktionstemperatur; und das Verhaltnis von Monomerkonzentration zu Initiatorkonzentration der 
kinetischen Beziehung modifiziert wird durch einen Faktor der Polymerisationswirksamkeit, der ausgedruckt wird 

45 als Funktion von Reaktionsvariablen, welche die Wirksamkeit des Initiators beeinflussen, urn einen etwa konstan- 

ten Polymerisationsgrad wahrend der Polymerisation zu erhalten. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB der Initiator in das ReaktionsgefaG unter Verwendung 
eines gewahlten Profils der Initiatorzuf uhr gegeben wird und das Monomere in das ReaktionsgefaG unter Verwen- 

so dung eines Profils der Monomerzufuhr zugegeben wird, das berechnet ist aus einer Beziehung der Polymerisati- 

onskinetik zwischen einem gewahlten Grad von Polymerisation und Monomerkonzentration, Initiatorkonzentration, 
Reaktionstemperatur und Faktor der Polymerisationswirksamkeit. 

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daG das Monomere in das ReaktionsgefaG unter Verwen- 
ss dung eines gewahlten Profils der Monomerzufuhr gegeben wird und der Initiator in das ReaktionsgefaG unter 

Verwendung eines Profils der Initiatorzuf uhr gegeben wird, das berechnet wird aus einer Beziehung der Polyme- 
risationskinetik zwischen einem gewahlten Grad von Polymerisation und Monomerkonzentration, Initiatorkonzen- 
tration, Reaktionstemperatur und Faktor der Polymerisationswirksamkeit. 
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4. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daft der Faktor der Polymerisationswirksamkeit weniger ist 
als eins fur wenigstens einen gewissen Teil der Polymerisation und empirisch abgeleitet wird. 

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daft der Faktor der Polymerisationswirksamkeit ausgedrOckt 
5 wird als Funktion des Grads der Monpmerumwandlung: 

f p = {a + b n C + b 12 C 2 } 

10 wobei f p der Faktor der Polymerisationswirksamkeit ist, C der Grad der Monomerumwandlung ist und a, uhd 

b 12 Konstanten sind, und f p von 1 bis 0,01 ist. 

6. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daft das Monomere und der Initiator, die in das Reaktions- 
gefaft gegeben wurden, auf kontinuierlicher Basis durch eine Maftnahme, diesichzur Bestimmungderzugesetzten 

is Mengen eignet, Oberwacht werden, die zugegebenen Mengen mit den Werten der vorbestimmten Profilwerte fur 

zugesetztes Monomeres und zugesetzten Initiator als Funktion der Zeit verglichen werden und die Profile der 
Monomer- und Initiatorzufuhr demgemaft eingestellt werden, wann immer die Differenz zwischen den Werten des 
vorbestimmten Profils fur zugesetztes Monomeres Oder zugesetzen Initiator und den zugesetzten Mengen nicht 
null ist. 

20 

7. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daft die Monomerkonzentration im Reaktionsgefaft auf kon- 
tinuierlicher Basis durch eine Maftnahme, die sich zur Messung der Monomerkonzentration eignet, gemessen wird 
und die gemessene Monomerkonzentration danach in der Beziehung der Polymerisationskinetik zwischen dem 
Grad der Polymerisation und Monomerkonzentration, I nitiatorkonzent ration, Reaktionstemperatur und Faktor der 

25 Polymerisationswirksamkeit benutzt wird, um das Prof i I der Initiatorzufuhr demgemaft wan rend des Polymertsa- 

tionsverfahrens anzupassen. 

8. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daft eine Volumenviskositat fur den Inhalt des Reaktions- 
gefaftes auf kontinuierlicher Basis durch Maftnahmen, die sich zur Viskositatsmessung eignen, gemessen wird 

^o und die Profile der Monomer- und Initiatorzufuhr demgemaft wahrend des Polymerisationsverfahrens angepaftt 

werden, beruhend auf Verwendung der Volumenviskositat in der Beziehung der Polymerisationskinetik zwischen 
dem Polymerisationsgrad und Monomerkonzentration, Initiatorkonzentration, Reaktionstemperatur und Faktor der 
Polymerisationswirksamkeit, um ein vorbestimmtes Ziel fur den Polymerisationsgrad zu erfullen. 

35 9. Verfahren nach irgendeinem der vorhergehenden AnsprOche, dadurch gekennzeichnet, daft es weiter umfaftt die 
Aufrechterhaltung der Reaktionsbedingungen fur eine genOgende Zeitspanne nach vollstandiger Zugabe des Mo- 
nomeren und Initiators derart, daft mehr als 90% des Monomeren in Polymeres umgewandelt werden. 

10. Verfahren nach irgendeinem der vorhergehenden Anspruche, dadurch gekennzeichnet, daft das Polymere einen 
40 Polydispersitatsindex von 1,5 bis 6 hat, wenn der Polydispersitatsindex ausgedrOckt wird als Verhattnis des Ge- 

wichtsdurchschnitts-Molekulargewichts zum Zahlendurchschnitts-Molekulargewicht. 

11. Polymerisationsverfahren nach Anspruch 1, dadurch gekennzeichnet, daft es umfaftt: 



45 (a) Auswahl eines Polymerisationsgrads fur das gewOnschte Polymere; 

(b) Auswahl des Profils der Monomerzufuhr; 

(c) Berechnung eines Profils der Initiatorzufuhr aus der Beziehung der Polymerisationskinetik zwischen dem 
gewahlten Polymerisationsgrad und Monomerkonzentration, Initiatorkonzentration, Reaktionstemperatur und 
Faktor der Polymerisationswirksamkeit, wobei der Faktor der Polymersationswirksamkeit ausgedrOckt wird 

so als Funktion von Reaktionsvariablen, welche die Wirksamkeit des Initiators beeinflussen, empirisch abgeleitet 

ist und weniger als eins ist fOr wenigstens einen Teil der Polymerisation; 

(d) Zugabe des Monomeren zum Reaktionsgefaft unter Polymerisationsbedingungen gemaft dem gewahlten 
Prof i I der Monomerzufuhr von Stufe (b); 

(e) Zugabe des Initiators zum Reaktionsgefaft gemaft dem berechneten Profil der Initiatorzufuhr von Stufe 
SS ( C ); und 

(f) Aufrechterhaltung der Reaktionsbedingungen fOr eine ausreichende Zeitspanne nach vollstandiger Zugabe 
des Monomeren und Initiators, um sie reagieren zu lassen; 
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urn einen etwa konstanten Polymerisationsgrad fur das Potymere wahrend des Polymerisationsverfahrens zu er- 
halten. 

12. Verfahren nach Anspruch 11, dadurch gekennzeichnet, daB mehrals 90% des Monomeren ins Polymere uberfuhrt 
s werden. 

13. Verfahren nach Anspruch 11 Oder 12, dadurch gekennzeichnet, daB das Polymere einen Poiydispersitatsindex 
von 1 ,5 bis 6 hat, wenn der Poiydispersitatsindex ausgedrOckt wird als das Verhaltnis von Gewichtsdurchschnitts- 
Molekulargewicht zu Zahlendurchschnitts-Molekulargewicht. 

w 

14. Verfahren nach irgendeinem der AnsprOche 11 bis 13, dadurch gekennzeichnet, dafi der Faktor der Polymerisa- 
tionswirksamkeit ausgedruckt wird als Funktion des Grads der Monomerumwandlung: 

15 ^{a + b^C + b^C 2 } 

worin f p der Faktor der Polymerisationswirksamkeit ist, C der Grad der Monomerumwandlung ist und a, b^ und 
b 12 Konstanten sind, die von einer Regressionsanalyse abgeleitet sind, und f p von 1 bis 0,01 ist. 

20 15. Verfahren nach irgendeinem der AnsprOche 11 bis 1 4, dadurch gekennzeichnet, daft das Monomere in mehreren 
Stufen zugesetzt wird, umfassend: 

(a) eine erste Stufe, in welcher 5 bis 20 Gew-% des gesamten Monomeren bei einer etwa konstant zuneh- 
menden Geschwindigkeit uber eine Zeitspanne von 10 bis 40 Minuten zugegeben werden; 
2S (b) eine zweite Stufe, in welcher 30 bis 70 Gew-% des gesamten Monomeren bei einer etwa konstanten 

Geschwindigkeit uber eine Zeitspanne von 10 bis 60 

Minuten zugegeben werden; und (c) eine Endstufe, in welcher der Rest des Monomeren bei einer etwa kon- 
stant abnehmenden Geschwindigkeit uber eine Zeitspanne von 20 bis 120 Minuten zugegeben werden. 

30 16. Verfahren nach Anspruch 15, dadurch gekennzeichnet, daB das in der ersten Stufe (a) zugegebene Monomere 
von 5 bis 10 Gew.-% des gesamten Monomeren ist und uber eine Zeitspanne von 10 bis 15 Minuten zugegeben 
wird, daB das in der zweiten Stufe (b) zugegebene Monomere von 40 bis 60 Gew-% des gesamten Monomeren 
ist und uber eine Zeitspanne von 20 bis 40 Minuten zugegeben wird, und das Monomere, das in der Endstufe (c) 
zugegeben wird, uber eine Zeitspanne von 45 bis 60 Minuten zugegeben wird. 

35 

17. Verfahren nach irgendeinem der AnsprOche 11 bis 16, dadurch gekennzeichnet, daB das Monomere von 70 bis 
98 Gew.-% eines Monomeren umfaBt, das ausgewahlt ist aus der Gruppe bestehend aus (C.,-C 24 )-Alkylmethacry- 
laten und (C r C 24 )-Alkylacrylaten, und von 2 bis 30 Gew.-% eines Monomeren, ausgewahlt aus der Gruppe be- 
stehend aus Hydroxy-(C 2 -C 6 )-alkylmethacrylaten und Hydroxy-(C 2 -C 6 )-alky!acrytaten, wobei die Anzahl der Koh- 

40 lenstoffatome in den Alkylgruppen im Durchschnitt 7 bis 14 ist. 

18. Verfahren nach Anspruch 17, dadurch gekennzeichnet, daB die (C r C 24 )-Alkylmethacrylat- und (C^C^-Alky- 
lacrylatmonomeren umfassen: 

45 (a) 0 bis 40 Gew.-% eines Alkylmethacrylats Oder A Iky lac ry tats, worin die Alkylgruppe 1 bis 6 Koh lenstoffatome 

enthalt oder ein Gemisch davon, 

(b) 30 bis 90 Gew.-% eines Alkylmethacrylats oder Alkylacrylats, worin die Alkylgruppe 7 bis 15 Kohlenstoff- 
atome enthalt oder ein Gemisch davon, 

(c) 0 bis 40 Gew.-% eines Alkylmethacrylats oder Alkylacrylats, worin die Alkylgruppe 16 bis 24 Kohlenstoff- 
so atome enthalt oder ein Gemisch davon. 

19. Verfahren nach Anspruch 1 8, dadurch gekennzeichnet, daB das Monomere (a) Methylmethacrylat, Butylmethacry- 
lat, Isobutylmethacrylat oder Gemische davon ist, das Monomere (b) 2-Ethylhexylmethacrylat, Isodecylmethacry- 
lat, Dodecyl-pentadecylmethacrylat, Lauryl-myristylmethacrylat oder Gemische davon ist, daB das Monomere (c) 

55 Cetyl-stearylmethacrylat, Cetyl-eicosylmethacrylat oder Gemische davon ist, und worin das Hydroxy-(C 2 -C 6 )-al- 

kylmethacrylat- und Hydroxy-(C 2 -C 6 ) -alkylacrylatmonomere 2-Hydroxyethylmethacrylat, 2-Hydroxyethylacrylat, 
2-Hydroxypropylmethacrylat, 1 -Methyl-2-hydroxyethylmethacrylat, 2-Hydroxypropylacrylat, 1 -Methyl-2-hydroxye- 
thylacrylat, 2-Hydroxybutylmethacrylat, 2-Hydroxybutylacrylat oder Gemische davon ist. 



22 



EP 0 561 078 B1 



20. Verfahren nach Anspruch 19, dadurch gekennzeichnet, daB das Hydroxy-(C 2 -C 6 )-alkylmethacrylatmonomere ein 
Gemisch von 2-Hydroxypropylmethacrylat und 1-Methyl-2-hydroxyethylmethacrylat ist. 

21. Verfahren nach irgendeinem der Anspruche 18 bis 20, dadurch gekennzeichnet, daB das Monomere (a) 0 bis 20 
s Gew.-% Monomeres ist, (b) von 45 bis 85 Gew.-% Monomeres ist, (c) von 5 bis 35 Gew.-% ist und das Hydroxy- 

(C 2 -C 6 )-alkylmethacrylatmonomere von 4 bis 20 Gew.-% eines Gemisches von 2-Hydroxypropy!methacrylat und 
1-Methyl-2-hydroxyethyImethacrylat ist. 

22. Verfahren nach Anspruch 21, dadurch gekennzeichnet, daB das Monomere (a) null bis 10 Gew-% Monomeres 
10 ist, (b) von 50 bis 70 Gew.-% Monomeres ist, (c) von 20 bis 35 Gew.-% ist und das Hydroxy-(C 2 -C 6 )-alkylme- 

thacrylatmonomere von 5 bis 15 Gew.-% eines Gemisches von 2-Hydroxypropylmethacrylat und 1 -Methyl-2-hy- 
droxyethylmethacrylat ist. 

23. Verfahren nach Anspruch 15 Oder 16, dadurch gekennzeichnet, daB das Monomere von 60 bis 100 Gew.-% eines 
is Monomeren umfaGt, ausgewahlt aus (C 1 -C 2 4)-Alkylmethacrylaten und (C^C^J-Alkylacrylaten und von null bis 40 

Gew.-% eines monoethylenisch ungesattigten Monomeren. 

24. Verfahren nach Anspruch 23, dadurch gekennzeichnet, daB die (C^C^-Alkylmethacrylat- und (Cj-C^) -Alky- 
lacrylatmonomeren umfassen: 

20 

(a) von 0 bis 40 Gew.-% eines Alkylmethacrylats Oder Alky lac rylats, worin die Alkylgruppe 1 bis 6 Kohlenstoff- 
atome enthalt oder ein Gemisch davon, 

(b) von 30 bis 90 Gew.-% eines Alkylmethacrylats oder Alkylacrytats, worin die Alkylgruppe 7 bis 15 Kohlen- 
stoff atome enthalt oder ein Gemisch davon, 

25 (c) von 0 bis 40 Gew.-% eines Alkylmethacrylats oder Alkylacrylats, worin die Alkylgruppe 16 bis 24 Kohlen- 

stoffatome enthalt oder ein Gemisch davon; 

und das monoethylenisch ungesattigte Monomere ein vinylaromatisches Monomeres, ein substituiertes Ethylen- 
monomeres, ein Monomeres mit einem stickstoffhaltigen Ring oder Gemische davon umfaGt. 

30 

25. Verfahren nach irgendeinem der Anspruche 11 bis 24, dadurch gekennzeichnet, daB das Polymere ein Gewichts-- 
durchschnitts-Molekulargewicht von 20.000 bis 1 .000.000 und einen Polydispersitatsindex von 2 bis 6 hat, wenn 
der Polydispersitatsindex ausgedruckt wird als das Verhattnis vom Gewichtsdurchschnitts-Molekulargewicht zum 
Zahlendurchschnitts-Molekulargewicht. 

35 

26. Verfahren nach Anspruch 11 bis 25, dadurch gekennzeichnet, daB ein Verdunnungsmittel im ReaktionsgefaB wah- 
rend der Polymerisation voriiegt. 

27. Verfahren nach Anspruch 26, dadurch gekennzeichnet, daB das Verdunnungsmittel ausgewahlt ist aus der Gruppe 
40 bestehend aus aliphatischen Kohlenwasserstoffen, aromatischen Kohlenwasserstoffen, chlorierten Kohlenwas- 

serstoffen, Estern, Oien auf Erdolbasis und Olen auf Synthesebasis. 

28. Verfahren anch Anspruch 27, dadurch gekennzeichnet, daB das 6l auf Synthesebasis ausgewahlt aus Poly(al- 
kylmethacrylat), Olefincopolymeren und hydrierten Styrol-Diencopolymer-Schmierolzusatzen ist. 

45 

29. Verfahren nach Anspruch 28, dadurch gekennzeichnet, daB das Olefincopolymere ein Poly(ethylen-propylen)- 
Schmierolzusatz ist. 

30. Verfahren nach Anspruch 28 oder 29, dadurch gekennzeichnet, daB das hydrierte Styrol-diencopolymere ein hy- 
so drierter Poly(styrol-butadien)-Schmier61zusatz ist. 



Revendications 

1. Procede de polymerisation, qui consiste a introduire un monomere et un amorceur dans un reacteur dans les 
conditions d'une polymerisation, en utilisant un prof i I de charge de monomere et un profil de charge d'amorceur, 
dans lequel Tun des profils de charge est preselectionne ; les profils de charge sont tels que le rapport de la 
concentration du monomere a la concentration de I'amorceur est determine en fonction de la relation cin6tique de 
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polymerisation entre un degre de polymerisation selectionne du polymere et la concentration du monomere, la 
concentration de I'amorceur et la temperature de reaction ; et le rapport de la concentration du monomere a la 
concentration de I'amorceur, dans la relation cinetique, est modifie par un facteur de rendementde polymerisation, 
qui est exprime en fonction de variables de reaction qui affectent I'efficacite de I'amorceur, pour obtenir un degre 
de polymerisation approximativement constant pendant la polymerisation. 

2. Procede selon la revendication 1 , dans lequel I'amorceur est introduit dans le reacteur par utilisation d'un profil de 
charge d'amorceur selectionne, et le monomere est introduit dans le reacteur par utilisation d'un profil de charge 
de monomere qui est calcule a partir d'une relation cinetique de polymerisation entre un degre de polymerisation 
selectionne et la concentration du monomere, la concentration de I'amorceur, la temperature de reaction et le 
facteur de rendement de polymerisation. 

3. Procede selon la revendication 1 , dans lequel le monomere est introduit dans le reacteur par utilisation d'un profil 
de charge de monomere selectionne et I'amorceur est introduit dans le reacteur par utilisation d'un profil de charge 
d'amorceur qui est calcule a partir d'une relation cinetique de polymerisation entre un degre de polymerisation 
selectionne et la concentration du monomere, la concentration de I'amorceur, la temperature de reaction et le 
facteur de rendement de polymerisation. 

4. Procede selon la revendication 1 , dans lequel le facteur de rendement de polymerisation est inferieur a 1 pour au 
moins une partie de la polymerisation, et est obtenu par voie empirique. 

5. Procede selon la revendication 4, dans lequel le facteur de rendement de polymerisation est exprime en fonction 
du degre de conversion du monomere : 

t p = {a + b l1 C + b 12 C 2 } 

ou f p est le facteur de rendement de polymerisation, C est le degre de conversion du monomere, et a, 
et b 12 sont des constantes, et f p vaut de 1 a 0,01 . 

6. Procede selon la revendication 1 , dans lequel le monomere et I'amorceur qui ont ete introduits dans le reacteur 
sont suivis sur une base continue par un moyen permettant de determiner les quantites introduces, les quantites 
introduites sont comparees aux valeurs predeterminees du profil pour le monomere introduit et I'amorceur introduit 
en fonction du temps, et les profils de charge du monomere et de I'amorceur sont ajustes en consequence chaque 
fois que n'est pas nulle la difference entre les valeurs predeterminees du profil pour le monomere introduit ou 
I'amorceur introduit, et les quantites introduites. 

7. Procede selon la revendication 1, dans lequel la concentration du monomere dans le reacteur est mesuree sur 
une base continue grace a un moyen permettant de mesurer la concentration du monomere, et la concentration 
du monomere telle que mesuree est utilisee ensuite dans la relation cinetique de polymerisation entre le degre de 
polymerisation et la concentration du monomere, la concentration de I'amorceur, la temperature de reaction et le 
facteur de rendement de polymerisation, pour ajuster le profil de charge de I'amorceur en consequence pendant 
Tope rat ion de polymerisation. 

8. Procede selon la revendication 1 , dans lequel une viscosite en vrac, portant sur le contenu du reacteur, est mesuree 
sur une base continue grace a un moyen permettant de mesurer la viscosite, et les profils de charge du monomere 
et de I'amorceur sont ajustes en consequence pendant I'operation de polymerisation, en se fondant sur I'utilisation 
de la viscosite en vrac dans la relation cinetique de polymerisation entre le degre de polymerisation et la concen- 
tration du monomere, la concentration de I'amorceur, la temperature de reaction et le facteur de rendement de 
polymerisation, pour satisfaire a un objectif predetermine relatif au degre de polymerisation. 

9. Procede selon I'une quelconque des revendications precedentes, qui consiste en outre a maintenir les conditions 
de reaction pendant un laps de temps suffisant, apres introduction complete du monomere et de I'amorceur, pour 
que plus de 90 % du monomere soient convert is en le polymere. 

10. Procede selon I'une quelconque des revendications precedentes, dans lequel le polymere a un indice de polydis- 
persite de 1,5 a 6, quand I'indice de polydispersite est exprime par le rapport de la masse moleculaire moyenne 
en masse a la masse moleculaire moyenne en nombre. 
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11. Precede de polymerisation selon ta revendication 1 , qui consiste : 

(a) a selectionner un degre de polymerisation pour le polymere souhaite ; 

(b) a selectionner un profil de charge de monomere ; 

(c) a calculer un profil de charge d'amorceur a partir de la relation cinetique de polymerisation entre le degre 
selectionne de polymerisation et la concentration du monomere, la concentration de I'amorceur, la temperature 
de reaction et le facteur de rendement de polymerisation, ou le facteur de rendement de polymerisation est 
exprime en fonction de variables de reaction qui affectent Pefficacite de I'amorceur, est obtenu par voie em- 
pirique et est inferieur a 1 pour au moins une partie de la polymerisation ; 

(d) a introduire le monomere dans le reacteur dans les conditions d'une polymerisation, en fonction du profil 
de charge de monomere selectionne de I'etape (b) ; 

(e) a introduire I'amorceur dans le reacteur en fonction du profil de charge d'amorceur calcule dans i'etape 
(c);et 

(f) a maintenir les conditions de reaction pendant un laps de temps suffisant, apres introduction complete du 
monomere et de I'amorceur, pour leur permettre de reagir ; 

dans le but d'obtenir un degre approximativement constant de polymerisation pour le polymere pendant 
I'operation de polymerisation. 

12. Precede de polymerisation selon la revendication 11, dans lequel plus de 90 % du monomere sont convertis en 
polymere. 

13. Precede de polymerisation selon la revendication 11 ou 12, dans lequel le polymere a un indice de polydispersite 
de 1,5 a 6, 1'indice de polydispersite etant exprime par le rapport de la masse moleculaire moyenne en masse a 
la masse moleculaire moyenne en nombre. 

14. Precede de polymerisation selon I'une quelconque des revendications 11 a 1 3, dans lequel le facteur de rendement 
de polymerisation est exprime en fonction du degre de conversion du monomere : 

fp^a + b^C + b^C 2 } 

ou f p est le facteur de rendement de polymerisation, C est le degre de conversion du monomere, et a, 
et b 12 sont des constantes resultant d'une analyse par regression, et f p vaut de 1 a 0,01 . 

15. Precede selon I'une quelconque des revendications 11 a 14, dans lequel le monomere est introduit en plusieurs 
stades comprenant : 

(a) un premier stade, dans lequel de 5 a 20 % en poids de la total ite du monomere sont introduits a un debit 
presentant une croissance approximativement constante, sur un laps de temps de 10 a 40 minutes ; 

(b) un deuxieme stade dans lequel de 30 a 70 % en poids de la totalite du monomere sont introduits a un debit 
approximativement constant, pendant un laps de temps de 10 a 60 minutes ; et 

(c) un stade final, dans lequel le reste du monomere est introduit a un debit presentant une decroissance 
approximativement constante, sur un laps de temps de 20 a 120 minutes. 

16. Precede selon la revendication 15, dans lequel le monomere introduit dans le premier stade (a) represente de 5 
a 10 % en poids de la totalite du monomere et est introduit en un laps de temps de 10 a 1 5 minutes, le monomere 
introduit dans le deuxieme stade (b) represente de 40 a 60 % en poids de la totalite du monomere et est introduit 
sur un laps de temps de 20 a 40 minutes, et le monomere introduit dans le stade final (c) est introduit sur un laps 
de temps de 45 a 60 minutes. 

17. Precede selon I'une quelconque des revendications 11 a 16, dans lequel le monomere comprend de 70 a 98 % 
en poids d'un monomere choisi dans I'ensemble comprenant les methacrylates d'alkyle en G|-C 2 4 et les acrylates 
d'alkyle en C 1 -C 2 4 et de 2 a 30 % en poids d'un monomere choisi dans I'ensemble comprenant les methacrylates 
d'hydroxyalkyle en C 2 -C 6 et les acrylates d'hydroxyaiky I e en C 2 -C 6 , ou le nombre d'atomesde carbone des groupes 
alkyle est en moyenne de 7 a 14. 

18. Precede selon la revendication 17, dans lequel le methacrylate d'alkyle en C A -C 24 et I'acrylate d'alkyle en C r C 24 
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comprennent : 

(a) de 0 a 40 % en poids d'un methacrylate d'alkyle ou d'un acrylate d'alkyle dans lequel le groupe alkyle 
contient de 1 a 6 atomes de carbone, ou leurs melanges, 
s (b) de 30 a 90 % en poids d'un methacrylate d'alkyle ou d'un acrylate d'alkyle dans lequel le groupe alkyle 

contient de 7 a 15 atomes de carbone, ou leurs melanges, 

(c) de 0 a 40 % en poids d'un methacrylate d'alkyle ou d'un acrylate d'alkyle dont le groupe alkyle contient de 
16 a 24 atomes de carbone, ou leurs melanges. 

10 19. Precede selon la revendication 18, dans lequel le monomere (a) est le methacrylate de methyle. le methacrylate 
de butyle, le methacrylate d'isobutyle ou leurs melanges, le monomere (b) est le methacrylate de 2-ethylhexyle, 
le methacrylate d'isodecyle, le methacrylate de dodecylpentad6cyle, le methacrylate de laurylmyristyle ou leurs 
melanges, le monomere (c) est le methacrylate de cetylstearyle, le methacrylate de cetyieicosyle ou leurs melan- 
ges, et dans lequel le methacrylate d'hydroxyalkyle en C 2 -C 6 et I'acrylate d'hydroxyalkyle en C 2 -C 6 monomere est 

is ie methacrylate de 2-hydroxyethyle, I'acrylate de 2-hydroxyethyle, le methacrylate de 2-hydroxypropyle, le metha- 

crylate de 1 -methyl-2-hydroxyethyle, I'acrylate de 2-hydroxypropyle, I'acrylate de 1 -methyl-2-hydroxyethyle, le 
methacrylate de 2-hydroxybutyle, I'acrylate de 2-hydroxybutyle ou leurs melanges. 

20. Procede selon la revendication 19, dans lequel le methacrylate d'hydroxyalkyle en Cg-Cg monomere est un me- 
20 jange de methacrylate de 2-hydroxypropyle et de methacrylate de 1-m6thyl-2-hydroxyethyle. 

21. Procede selon I'une quelconque des revendications 18 a 20, dans lequel le monomere (a) represente de 0 a 20 
% en poids de monomere, (b) represente de 45 a 85 % en poids de monomere, (c) represente de 5 a 35 % en 
poids, et le methacrylate d'hydroxyalkyle en C 2 -C 6 monomere represente de 4 a 20 % en poids d'un melange de 

25 methacrylate de 2-hydroxypropyle et de methacrylate de 1-methyl-2-hydroxyethyle. 

22. Precede selon la revendication 21, dans lequel le monomere (a) represente de 0 a 10 % en poids de monomere, 
(b) represente de 50 a 70 % en poids de monomere, (c) represente de 20 a 35 % en poids, et le methacrylate 
d'hydroxyalkyle en C 2 -C 6 monomere represente de 5 a 15 % en poids d'un melange de methacrylate de 2-hy- 

30 droxypropyle et de methacrylate de 1 -m6thyl-2-hydroxy6thyle. 

23. Procede selon la revendication 15 ou 16, dans lequel le monomere comprend de 60 a 100 % en poids d'un mo- 
nomere choisi parmi les methacrylates d'alkyle en C r C 24 et les acrylates d'alkyle en C-,-C 24l et de 0 a 40 % en 
poids d'un monomere a insaturation monoethyienique. 

35 

24. Precede selon la revendication 23, dans lequel le methacrylate d'alkyle en C,-C 24 et I'acrylate d'alkyle en C,-C 24 
monomere comprennent : 

(a) de 0 a 40 % en poids d'un methacrylate d'alkyle ou d'un acrylate d'alkyle dans lequel le groupe alkyle 
40 contient de 1 a 6 atomes de carbone, ou leurs melanges, 

(b) de 30 a 90 % en poids d'un methacrylate d'alkyle ou d'un acrylate d'alkyle dans lequel le groupe alkyle 
contient de 7 a 1 5 atomes de carbone, ou leurs melanges, 

(c) de 0 a 40 % en poids d'un methacrylate d'alkyle ou d'un acrylate d'alkyle dans lequel le groupe alkyle 
contient de 16 a 24 atomes de carbone, ou leurs melanges, 

45 

et le monomere a insaturation monoethyienique comprend un monomere vinylaromatique, un ethylene subs- 
titue monomere, un monomere ayant un noyau azote, ou leurs melanges. 

25. Precede selon Tune quelconque des revendications 11 a 24, dans lequel le polymere a une masse moieculaire 
50 moyenne en masse de 20 000 a 1 000 000 et un indice de polydispersite de 2 a 6, I'indice de polydispersite etant 

exprime par le rapport de la masse moieculaire moyenne en masse a la masse moieculaire moyenne en nombre. 

26. Precede selon les revendications 11 a 25, dans lequel un diluant est present dans le reacteur pendant la polyme- 
risation. 

55 

27. Procede selon la revendication 26, dans lequel le diluant est choisi dans I'ensemble comprenant les hydrocarbures 
aliphatiques, les hydrocarbures aromatiques, les hydrocarbures chlores, les esters, les huiles de base petrolieres 
et les huiles de base synthetiques. 
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28. Procede selon la revendication 27, dans lequel I'huile de base synthetique est choisie parmi les additifs pour huiles 
lubrifiantes du type poly(methacrylate d'alkyle), copolymere olefinique et copolymere styrenediene hydrogene. 

29. Proc6d6 selon la revendication 28, dans lequel le copolymere olefinique est un additif pour huile lubrifiante a base 
de poly(ethyl6nepropylene). 

30. ProcSde selon la revendication 28 ou 29, dans lequel le copolymere styrene-diene hydrogene est un additif pour 
huile lubrifiante du type poly(styrene-butadiene) hydrogens. 
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